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Preface 


In  this  thesis,  we  analyzed  the  effect  an  error  velocity  has 
on  the  terminal  hyperbolic  transfer  trajectory  in  the  planet's  local 
gravity  field.  Based  on  this  analysis,  the  number,  direction, 
magnitude  and  position  of  the  correction  impulses  which  optimally  guide 
the  space  vehicle  to  a  predetermined  circular  parking  orbit  was  de¬ 
termined.  Two  approaches  were  used:  (l)  a  fixed  orbital  radius; 

(2)  an  allowable  variation  of  orbital  radii  over  a  specified  range. 
Several  techniques  were  used  to  make  the  study,  but  two  deserve 
particular  note.  One  technique  used  was  a  forced  geometrical  correction 
sequence  developed  by  our  advisor.  Dr.  C.  A.  Traenkle,  and  the  second 
technique  was  dynamic  programming  which  was  developed  by  R.  E.  Bellman 
of  the  Rand  Corporation.  The  results  of  this  thesis  bore  out  the 
general  validity  of  Dr.  Traenkle' b  approach. 

We  wish  to  acknowledge  our  indebtedness  to  our  advisor.  Dr.  C.  A. 
Traenkle,  for  the  guidance  he  so  willingly  gave  us.  Working  under  him 
was  a  most  rewarding  experience.  Special  thanke  are  due  our  faculty 
advisor,  Dr.  W.  1.  Lehmann,  for  the  suggested  changes  which  improved 
the  readability  of  our  thesis.  Finally,  but  by  no  means  least,  we 
thank  our  wives  for  the  thankless  task  of  typing  our  rough  draft. 

Jamee  E.  Funk 
Seorge  R.  Hennig 
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Abstract 

The  effect  an  error  velocity  hae  on  the  hyperbolic  transfer 
trajectory  in  the  planet's  local  gravity  field  is  investigated.  The 
number,  direction,  magnitude  and  position  of  the  correction  impulses 
which  optimally  guide  the  spacecraft  to  a  circular  parking  orbit  is 
determined.  The  two  approaches  used  ere:  (l)  a  fixed  and  pre¬ 
determined  orbital  radius;  (2)  an  allowable  variation  of  orbital 
radii  over  a  specified  range.  Forced  geometric  and  dynamic  programming 
correction  sequences  analyses  are  used.  The  results  prove  a  geo¬ 
metrical  correction  sequence  to  be  optimum.  The  corrective  velocity 
sum  is  always  less  than  5#  of  the  basic  velocity  sum. 
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I.  Introduction 


Background 

In  the  last  few  years,  space  travel  and  exploration  have  'become 
very  prominent  in  national  effort.  As  the  early  space  fllgits  have 
shown,  there  Is  a  great  need  for  improved  accuracy  In  Bp  ace  navigar- 
tlon.  This  problem  is  a  difficult  one  on  which  much  work  Is  being  done. 
This  problem  ere a  may  be  subdivided  into  smaller  study  areas.  In  the 
realm  of  interplanetary  space  travel  and  exploration,  three  such  sub¬ 
divisions  are  the  launch  phase,  mid-course  phase  and  the  terminal  phase. 
In  order  for  a  mission  to  be  successful,  all  three  of  these  phases  must 
be  adequately  completed.  To  study  dl  three  phases  in  one  paper  would 
be  too  large  a  topic  for  a  thorough  investigation.  This  thesis,  there¬ 
fore,  will  deal  only  with  the  latter  topic,  the  terminal  phase. 

Statement  of  the  Problem 

The  specific  problem  of  this  thesis  is  to  determine  the  number, 
position,  magnitude,  and  direction  of  the  corrections  to  make  to  a  ter¬ 
minal  trajectory  to  reach  the  final  circular  orbital  trajectory  with  a 
minimum  expenditure  of  propulsive  energy.  The  trajectory  must  start  at 
the  sphere  of  Influence  *  and  end  on  the  circular  orbit  of  predetermined 


*  The  sphere  of  influence  is  defined  later  in  the  chapter;  however, 
it  will  suffice  now  to  know  that  it  defines  the  maximum  range  from  the 
target  planet  at  which  the  terminal  phase  of  flight  begins. 
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radius  from  the  terminal  planet.  The  change  from  the  hyperbolic  trane- 
fer  trajectory  to  the  circular  orbital  trajectory  will  always  be  made 
at  pericenter  of  the  hyperbolic  transfer  trajectory. 

Method s  of  .Approach  to  the  Problem 

Two  different  approaches  to  the  problem  will  be  taken  in  thie 
thesis.  In  Part  I,  the  correction  sequence  will  always  correct  to  a 
reference  trajectory  that  will  guide  the  spacecraft  to  a  predetermined 
and  fixed  circular  orbital  trajectory.  In  Fart  II.  the  correction  se¬ 
quence  will  correct  to  a  trajectory  that  will  guide  the  spacecraft  to  a 
circular  orbital  trajectory  whose  radius  may  wary  over  a  specified  range. 

In  Part  I,  two  different  analysis  techniques  are  used,  one  of  which 
was  developed  by  Sr.  C.  A.  Traenkle  of  the  Aeronautical  Research  Labor¬ 
atory  at  Wrigit-Patterson  Air  Force  Base.  The  second  technique,  which 
is  aleo  used  in  Part  II,  is  dynamic  programming  (introduced  by  R.  E. 
Bellman  of  the  Rand  Corporation)  which  is  a  method  of  optimisation  by 
digital  computer  (Ref  l) .  Dynamic  programming  le  a  very  sophistlcater 
trial- and- error  method  of  solution.  This  method  has  been  applied  to 
many  different  types  of  optimisation  problems  and  has  been  shown  to  give 
solutions  where  classical  calculus  of  variations  failed.  Details  of  the 
method  as  it  applies  to  this  problem  are  given  in  the  analysis  in  Part  II. 

Two  supplementary  analyses  are  made,  one  in  each  Part  I  and  Part  II. 

In  Part  I,  a  study  is  made  on  the  position  and  velocity  error  at  the  sphere 
of  influence  due  to  an  error  velocity  at  injection.  In  Part  II,  a  supple¬ 
mentary  method  of  etudying  the  effects  of  errors  on  trajectory  parameters 
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Is  described;  it  Is  a  study  by  linear  peturbation  analysis. 

Variables  Considered  in  the  Error  Analyses 

In  this  thesis,  the  multi- variable  problem  is  divided  into  a 
number  of  single  variable  problems,  so  that  the  individual  effect  of 
each  variable  on  the  total  propulsive  energy  can  be  determined.  The 
different  variables  Investigated  are  listed  below;  however,  they  are 
not  necessarily  investigated  in  this  order. 

1.  The  radius  of  the  final  orbit 

2.  The  angLe  between  the  initial  velocity  vector  and  the  radius 

vector  reversed  (  ,  path  angle) 

3.  The  magnitude  of  the  initial  velocity 

4.  Small  devlatione  from  the  reference  trajectory 

5.  Small  deviations  in  the  required  corrective  impulse 

6.  The  number  of  corrections 

7.  The  distance  from  the  planet  for  a  particular  correction 
Basic  Assumptions 

In  order  to  solve  the  problem  as  outlined,  three  basic  assumptions 
are  made.  Since  the  entire  flight  regime  in  which  the  space  vehicle 
travels  has  extremely  little  atmospheric  drag  and  since  the  target 
planet  is  the  predominant  source  of  the  force  field,  the  reetrlcted 
two-body  equations  of  motion  are  used.  The  second  aesumption,  which  is 
implied  in  the  two-body  equations  of  motion,  is  that  the  force  field 
originates  from  a  point  sourcs  or  that  the  density  of  the  target  planet 
is  a  function  of  ths  radius  only.  The  third  assumption  i»  exact  know- 
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ledge  of  the  position  vector  and  the  velocity  vector  at  any  point  on 
trajectory. 

Sphere  of  Influence 

In  the  eolution  of  the  restricted  three-body  problem,  there  are 
two  collinear  llbration  points  lying  on  the  axis  joining  the  planet 
and  the  primary  attraction  body,  which  In  these  cases  is  the  sun. 

These  two  points  which  lie  approximately  equidistant  on  either  side 
of  the  planet  define  the  diameter  of  the  sphere  of  influence  (Ref  4:7,5) . 
This  sphere,  therefore,  defines  the  outer  boundary  of  the  local  gravity 
field.  The  gravity  field  at  this  boundary  is  not  a  central  force  field, 
but  is  directed  normal  to  the  collinear  axis;  however,  it  does  converge 
quite  rapidly  to  a  central  force  field.  This  choice  for  the  sphere  of 
influence  is  admittedly  arbitrary,  but  it  still  represents  a  reasonable 
selection. 

Tolerance  Criteria 

Before  the  development  and  analysis  1b  made  on  this  thesis  problem, 
a  criteria  must  be  established  which  will  define  tolerable  increases  to 
the  basic  velocity  sum.  Hopefully,  the  increase  propellant  requirement 
for  corrective  maneuvers  should  not  exceed  five  percent  of  the  basic 
velocity  sum.  The  results  of  this  study  bore  out  all  our  expectations. 

In  every  case  the  Increase  requirement  was  less  than  five  percent  and, 
in  many  cases,  ouch  less. 
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PARI  I 


II.  Initial  Condltlont 


Ihe  Two  Orbital  Radii 

In  this  part  of  the  thesis,  the  analysis  will  include  two  cas«B  for 
each  initial  condition,  namely  the  close  orbital  radius  and  the  optimum 
orbital  radius  for  the  circular  parking  orbit.  Ihe  close  orbital  radius 
is  arbitrarily  chosen  as  1.1  times  the  planet's  surface  radius  for  the 
Venusian  and  Martian  cases.  Ihis  value  should  keep  the  space  vehicle 
outside  the  sensible  atmosphere.  When  the  analysis  is  on  the  return 
trip  to  Earth,  the  close  orbital  radius  is  arbitrarily  chosen  as  6690  km 
which  gives  approximately  a  300  km  altitude.  The  optimum  orbital  radius 
is  that  radius  at  which  the  smallest  velocity  impulse  1b  required  to 
change  the  trajectory  from  a  hyperbolic  transfer  to  a  circular  orbital 
trajectory.  It  can  be  calculated  from  initial  conditions;  the  mathe¬ 
matical  development  follows:  In  the  following  development,  the  subscript 
OO  is  for  the  sphere  of  influence  and  the  subscript  INF  is  for 
infinity.  The  kinetic  energy  for  a  hyperbolic  trajectory  in  restricted 
two-body  motion  msy  be  expressed  as 


=  m.  +  jl 

y  r  a 

it  the  sphere  of  influence 

C  *  fm 

IE  = 


(1) 

CONSTHNr  ( 2) 

(3) 
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ijti-  s  Vt%c  (  disictnce  t) 


(4) 


The  energy  equation  nay  now  he  written  ae 

V‘~V,L(r)  +  V,£r  (5) 

and.  at  perieenter 

Vr‘  =  V,‘K  <f>  ♦  C  <0 

In  order  to  go  into  a  circular  orhit  at  perieenter,  a  velocity  impulse 
must  he  applied  to  alow  the  vehicle  to  a  circular  orbital  velocity.  Since 


Ul  -  £  (7) 

Veo  rt0  p  1,1 

AV,  =  Vf-  Va  =  [C (fl  *  I4»  (f >  <« 

To  find  the  minimum  the  derivative  of  AVf  with  respect  to  \/esc  (Tf) 
ia  set  equal  to  zero.  Vist(lp)  18  th®  variable  Bince  Vu,,  is 
fixed  for  any  initial  condition. 


sU£.=  '  =o 

=  14**^  * 


(9) 

do) 

(ii) 


6 


OA/Phys/63-5.6 


V«&)=  (12) 

~  Wwr  (13) 


Now  substitute  M»v/  into  the  equation  for  AVr 

AV?  -  £k&  +Vm]'/z-  jp  vw,  =  jp  v,^  (l4) 

The  hyperbolic  velocity  at  pericenter  is  equal  to  »J <?  *  Vinf  which 

when  substituted  into  the  energr  equation  define*  the  orbital  radius  (Bef 
2:7) 

ZViNe  =  +  Vm  (15) 

V 

^*=  ifir  (16) 

Initial  Condltlone  to  be  Studied 

In  order  to  ease  a  correlation  of  the  results  of  this  thesis  with 


the  results  of  studies  on  general  intersecting  reflection  trajectories, 
the  initial  conditions  chosen  will  be  of  several  class  types  of  reflec¬ 
tion  trajectories  for  Venus  and  Mars.  Four  types  of  reflection  trajec¬ 
tories  will  be  chosen  for  each  of  the  two  planets.  Each  of  these  four 
types  will  be  analysed  for  both  the  optimal  and  dose  orbital  trajec¬ 
tories  at  both  the  planets  (Venus  and  Mars)  and  Earth.  The  particular 
ones  chosen  are  those  as  defined  in  reference  2.  Tor  the  planet  Venus, 
the  four  trajectory  types  are:  (l)  Hohmann,  (2)  class  A,  (3)  class  C, 
(4)  class  E.  Tor  Mars  the  trajectory  types  are:  (l)  Hohmann,  (2) 
class  A.  (3)  class  2,  (4)  class  C.  The  Hohmann  transfer  trajectory  is 
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classic  and  is  the  minimum  energy  transfer  where  the  orhit  is  tangent  to 
both  the  earth's  orhit  and  the  target  planet's  orhit.  A  class  A  trajec¬ 
tory  has  the  same  energy  content  as  the  Hohmann,  hut  the  trajectory  is 
nowhere  tangent  to  either  orbits  R |  or/?/  .  A  class  £  trajectory  has 
an  semi-major  axis  equal  to  /?/  .  A  class  C  trajectory  is  tangent  to  only 
orhit  /?j  and  a  class  D  trajectory  is  tangent  to  only  orhit  R.%  .  In 
ippendix  A,  the  trajectory  classes  are  designated  in  the  code  Class 
HC — 0.0 - A  or  ClaiB  IJT — 0.0 C.  The  last  letter  is  the  class  desig¬ 

nation  and  the  other  items  further  classify  the  trajectories.  The  further 
classification  is  of  no  siffiificance  to  the  analysis  of  this  thesis  and 
the  reader  may  read  Hef  2  for  further  clarification  of  this  terminology. 

It  was  Included  in  order  to  simplify  any  cross  check  of  the  Input  data. 
Tables  1  and  2  (Hef  3s  table  3)  ‘below  list  the  ix$ut  data  in  which  the 
velocities  were  normalised  with  respect  to  the  earth's  orbital  velocity 
(29. 8  km/sec)  and  the  distances  were  normalised  with  respect  to  the 
target  planet's  mean  radius.  The  constants  for  the  earth  are: 

rs  =  4370  km>  rm=Z3r}  /4*3<noooi"*/Kt* 

The  listed  in  these  two  tables  are  the  values  of  the  relative  vel¬ 

ocity  of  the  spacecraft  with  respect  to  the  Earth  for  each  transfer 

mi 

trajectory  type.  The  AV,  are  the  relative  velocities  of  the  spacecraft 

*v 

with  respect  to  the  target  planet.  The  sum  of  AVf  and  A  which  is  the 

<v/ 

basic  velocity  correction  sum,  ^  ii  the  amount  required  to  change  from 
the  Earth's  orbit  to  the  transfer  trajectory  and  to  change  from  the  transfer 
trajectory  to  the  target  planets  orbit  (or  vice  versa) .  This  velocity  sum. 
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however,  neglects  the  energy  required  to  escape  from  the  local  gravity 
field.  Therefore,  any  percentage  comparison  of  the  corrective  velocity 
maneuvers  to  this  basic  velocity  sum  will  he  a  conservative  figure. 

Table  I 

Initial  Conditions  for  Venusian  Trajectories 


r*s km}  rw-/(9.s  J  /l -  Z2SOOD  **Vsec 


Class 

AVX 

AVt 

H 

0.085 

0.093 

0.178 

A 

0.191 

0.237 

0.428 

C 

0.208 

0.443 

0.651 

D 

0.218 

0.127 

0.3^5 

Table  II 

Initial 

Conditions  for  Martian  Trajectories 

5=*337<K  £  =  3211,  /* 

=  iZ(00  hn'/stt 

Class 

<1 

A\ /, 

V4 

E 

0.099 

0.089 

0.188 

A 

0.305 

0.229 

0.53^ 

B 

0.301 

0.338 

0.639 

C 

0.355 

0.605 

0.960 

A 
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III.  Equations  of  Motion  and  Error  Analysis 

Change  from  Absolute  to  Eel  at  Ire  Motion 

To  calculate  the  initial  conditions  used  in  this  thesis,  the  rela¬ 
tive  motion  of  the  spacecraft  with  respect  to  the  target  planet  must  be 
determined,  rig.  I  shows  a  general  intersecting  transfer  trajectory 
where  the  planets  and  the  sun 
are  assumed  point  masses.  If 
one  assumed  that  the  planet's 
mass  were  non  existent,  the 
intersection  between  the 
transfer  trajectory  and  the 
target  planet's  orbit  would 
represent  the  collision  of 
the  space  vehicle  and  the 
planet.  The  velocity  of 
these  two  bodies  is  easily 
calculated.  In  turn,  the 
relative  motion  between  these 
two  bodies  is  also  easily 
derived.  Since  the  sphere  of  Influence  is  quite  small  In  Heliocentric 
space,  the  velocity  vectors  of  the  spacecraft  and  the  planet  vary  very 
little  at  the  point  the  spacecraft  enters  the  sphere  of  influence  from 
the  hypothetical  intersection  of  the  two  trajectories.  Therefore,  with 
very  little  error,  the  relative  velocity  of  the  spacecraft  with  respect 
to  the  target  planet  is  known  at  the  point  the  spacecraft  enters  the 


* 


r 
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sphere  of  influence.  What  is  not  immediately  obvious,  however,  is  the 
importance  of  where  the  space  vehicle  enters  the  sphere  of  Influence, 
Fig.  2  shows  the  space  vehicle  entering  the  sphere  of  influence  at  two 
different  points  which 
are  very  dose  in  Helio¬ 
centric  space.  If  the 
spacecraft  enters  at 
point  A,  very  little  or 
possibly  no  corrective 
Impulse  would  be  required 
for  a  successful  terminal 
trajectory.  If  the  space¬ 
craft  enters  at  point  B, 
however,  the  relative 
motion  is  such  that  the 
spacecraft  is  traveling 
away  from  the  target  planet 

before  interception  even  occurred.  Only  ty  a  large  corrective  impulse 
could  the  space  vehicle  be  directed  towards  the  planet.  In  any  case 
where  i<  17 0°,  the  penetration  of  the  sphere  of  influence  would  be 

momentary;  therefore,  the  closest  point  of  approach  to  the  planet  would 
be  equal  to  the  radius  of  the  sphere  of  Influence.  For  all  practical 
purposes,  such  an  interception  would  be  a  complete  miss.  The 
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analysis  of  the  corrective  maneuver  will  be  limited  to  cases  where 

-  +V>°  . 


Reference  Trajectory  Parameters 

Por  any  given  velocity  magnitude,  there  is  only  one  hyperbolic 
transfer  trajectory  that  will  guide  the  space  vehicle  to  a  desired  peri- 
center  distance,  vMch  has  already  been  chosen  since  the  pericenter 
distance  must  equal  the  circular  parking  orbital  radius.  Since  there 
are  two  different  desired  orbital  radii  (dose  and  optimal),  the  devel¬ 
opment  of  the  trajectory  parameters  will  be  general  and  referred  to  as 
the  reference  parameters.  The  close  and  optimal  cases  will  be  special 
cases  of  the  reference  trajectory. 

Since  the  velocity  at  the  sphere  of  influence  is  known,  the  energy 
of  the  hyperbolic  trajectory  can  be  calculated  from  the  equation 


Constant 


(17) 


At  infinity,  F  is  infinite  and 


=  2E * 


(18) 


Therefore,  the  optimal  orbital  radius  is  equal  to 


r 


# 


(19) 


To  repeat,  the  close  orbital  radius  is  either  //» for  Venus  and  Mars 
or  6690  km  for  Barth.  Since  the  energy  is  constant,  CL  is  also  constant 


-  V,hf  -  2E* 

(20) 

a'  =  & 

(21) 
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Now,  for  a  hyperbolic  trajectory 


rp  =  a(e-/) 


therefore, 


e 


* 


■K 

a* 


+  / 


(2  ?) 


(23) 


Also 

(b? 

b'  =  aft'?-] 

Now  at  pericenter,  the  Slf\f-/}  and 

Since 


(24) 

(25) 


(26) 


h  -  r*  V*  smfl 

h *  =  rf*\f 


(27) 

(28) 


Nov  the  circular  orbital  velocity  ie 


and  the  velocity  impulse  needed  to  change  from  a  hyperbolic  trajectory  to 
the  circular  parking  orbit  is 


Therefore,  if  the  magnitude  of  the  velocity  at  the  sphere  of  Influence 
and  the  circular  orbital  radius  is  known  all  the  reference  trajectory 
parameters  are  easily  calculated.  Also,  the  reference  velocity  and  the 
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associated  angle  ^  at  any  distance  A  can  "be  calculated  "by 

\Jh  +  *)P  <* 

ftr)  =  arc  sin  138 

With  these  equations,  any  parameter  of  the  reference  trajectory  at  any 
distance  f  from  the  planet  can  easily  he  calculated  and  it  will  he 
assumed  that  this  knowledge  is  known  for  the  two  trajectory  types  (cIobs 
and  optimal)  from  hence  on. 

Rotating  Co-ordinate  System 

Since  the  object  of  the  terminal  maneuvers  is  to  direct  the  space¬ 
craft  into  a  circular  parking  orbit  by  an  applied  velocity  impulse  at 
pericenter  of  the  hyperbolic  transfer  trajectory,  the  angular  position 
of  pericenter  is  unimportant,  The  only  requirement,  therefore,  is  to 
guide  the  space  vehicle  to  the  pericenter  distance  which  equals  the 
parking  orbital  radius.  If  the  spacecraft  followed  the  reference  hyper¬ 
bolic  trajectory  all  the  way  in,  it  would  he  at  the  proper  distance 
when  it  arrived  at  pericenter.  If,  however,  the  space  vehicle  deviated 
from  this  reference  trajectory,  it  would  no  longer  arrive  at  the  pre¬ 
designated  pericenter  distance.  At  some  point  on  the  Inbound  leg,  then, 
a  corrective  velocity  impulse  must  he  applied  to  properly  guide  the 
spacecraft  to  the  desired  pericenter  distance.  The  absolute  location 
of  thiB  pericenter,  however,  would  rotate  through  and  angle  00  (see 
Fig.  3) .  The  absolute  location  of  pericenter  is  of  no  consequence  and. 
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since  perlcenter  is  at  the  desired  distance  from  the  planet,  the  ter¬ 
minal  maneuver  would  he  completely  successful.  In  the  analysis  to  fol¬ 
low,  the  corrective  maneuvers  will  always  he  to  redirect  the  velocity 
vector  to  the  reference  velocity  vector. 

Sffect  of  Brror  Velocity 

If  the  velocity  is  in  error  with  respect  to  the  reference  velocity, 
the  error  may  he  expressed  as  some  SI/  from  the  reference  velocity 
(Tig.  4} .  This  error  velocity  may  also  he  written  as  components  longi¬ 
tudinal  and  transverse  with  respect  to  the  reference  velocity.  The  two 
limiting  cases,  therefore,  would  he  when  the  error  velocity  is  all  lon¬ 
gitudinal  or  all  transverse.  The  effect  of  the  longitudinal  and  cross 
(transverse)  error  velocities  will  now  he  investigated. 


15 


GA/Phys/6>5.6 


For  the  transverse  case,  |/  and  <f>  are 

v  =l(y')‘ (35) 

<p  =  -h  arctoft  'T^7  (36) 

With  these  two  sets  of  equations,  the  resultant  velocity  can  elways  he 
calculated  at  any  K  ,  since  the  reference  values  are  known  for  any  /"  . 

Since  the  velocity  vector  and  p  at  some  r  are  no  longer  the  reference 

\ 

values,  the  trajectory  parameters  have  also  changed.  Re-writing  the  enr- 
ergy  equation,  a  new  Q.  can  he  computed 


(37) 

*  = 

(38) 

Continuing  the  computation 

h  =  r*V*s/n  p 

(39) 
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m 


(41) 

(42) 


(43) 


(Mi) 


Now  the  radial  deviation  of  the  pericenter  distance  with  respect  to  the 
reference  trajectories  pericenter  distance  is 

-  b-r/  (45) 


Only  the  ma&ii tude  of  the  difference  of  the  radial  pericenter  distances  is 
important,  since  the  mission's  end  result  la  to  orbit  the  planet  at  the 
chosen  radius. 


Magnitude  of  Error  Telocity 

To  analyse  the  magnitude  of  the  pericenter  miss  distance  some  max¬ 
imum  value  of  error  velocity  must  he  chosen.  This  value  must  liberally 
exceed  the  tolerance  capability  of  rocket  systems  yet  must  not  be  too 
large  to  produce  non-linear  results.  A  maximum  error  velocity  of  two 
one- thousandths  of  the  earth*  s  orbital  velocity  should  be  very  suitable 
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(Eef  5:7).  Statistically,  the  root-mean- square  of  the  maximum  is  the 
best  choice  for  an  average  error.  The  average  error  velocity  used  in 
the  following  analysis,  therefore,  is 


si/ 

=.  o.ooty / 

(46) 

si/ 

»  W  7sec 

(47) 

Sphere  of  Influence  Entry  Error  Analysis 

When  the  reference  trajectory  parameters  were  derived,  only  the 
ma^itude  of  the  relative  velocity  was  used  in  the  computation.  It  was 
assumed  (though  not  explicitly  stated)  that  the  velocity  vector  had  the 
required  direction.  If  the  direction  of  rotation  about  the  target  planet 
Is  immaterial,  there  are  only  two  points  the  spacecraft  may  enter  the 
sphere  of  influence  (in  two-dimensional  motion).  In  this  analysis,  how¬ 
ever,  counter- clockwise  rotation  will  he  required  and  only  the  one  where 
(^a  is  positive  is  acceptable  (positive  is  clockwise). 

At  the  sphere  of  influence,  the  angLe  f)  iB  very  nearly  equal  to 


=  arcta/i 


(4«) 


Since  ta>  is  a  constant  for  any  particular  planet,  the  value  of  b  may 

represent  the  collision  parameter  where  6*  would  be  the  required  value. 

*8  j4o  is  restricted  to  lie  between  -90'  and  90°  for  a  useful  intercept 

of  the  sphere  of  influence,  only  this  range  will  be  investigated. 

I/* 

Since  and  Ifo  are  known 

h  -  n.*V~*w  to.  (49) 
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E  -  JL 

<L  feo 

b  = 


2 

_  JL 

ZB 


(50) 

(51) 


The  ratio  indicates  the  magnitude  hy  which  the  collision  parameter 
was  missed.  The  velocity  correction  needed  to  redirect  the  velocity 
vector  in  the  required  direction  may  he  calculated  hy 


$\L  df- (52) 

For  thit  analysis,  only  eight  solutions  were  calculated  where  varied 
from  -90°  to+90°  in  10°  incriments.  The  eight  cases  were: 

Venus - Hohmann,  OPT class  A,  OPT - class  C,  CloBe - class  D,  OPT 

Mars - Hohmann,  OPT - class  A,  Close-class  B,  Close — class  C,  Close 


longitudinal  and  Transverse  Error  Velocity  Analysis 

To  compare  the  effects  of  the  longitudinal  and  transverse  error 
velocities,  twenty-eight  test  solutions  were  run.  The  was  calcu¬ 
lated  for  each  oase  at  five  range  incriments, 

Q  =  rf+i  «  uk*rt  i */>*>*,%*  (53) 

for  Both  the  longitudinal  and  cross  velocity  errors.  The  results  in  each 
case  lead  to  the  same  conclusion:  the  transverse  error  velocity  caused 
ouch  larger  miss  distances  than  the  same  magnitude  longitudinal  error 
velocity.  In  19  out  of  the  28  cases  for  the  cross  error  velocity 

caused  over  100  times  the  miss  distance  than  the  longitudinal  error 
velooity.  At  this  same  range,  the  closest  that  the  ratio  came  to  unity 
was  for  the  Venus  trajectory — class  H-OPT — where  the  transverse  error 
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effect  was  only  18.5  times  as  great.  At  the  range  closest  to  peri- 
center  distance,  ,  in  18  out  of  the  28  cases  the  cross  error  veloci¬ 
ty  caused  over  25  times  the  miss  distance  than  the  longitudinal  error. 
Again,  the  Venus  trajectory  —class  K-CPT —  resulted  in  the  closest  ra¬ 
tio.  This  time,  the  transverse  error  velocity  caused  about  7  times  the 
miss  distance  than  the  longitudinal  velocity  error.  The  data  in  Appen¬ 
dix  A  contains  the  results  for  all  28  cases.  Since  the  optimum  orbital 
radius  for  Venus  class  C  and  Kars  classes  A,  E,  and  C  were  less  than  the 
respective  planet’s  radius,  only  the  close  orbital  radius  trajectories 
were  investigated,  (This  exclusion  is  true  throughout  the  thesis). 

Error  Analysis  Assumptions 

To  transform  the  to  a  miss  distance  per  unit  error  velocity,  if} 
is  divided  by  the  error  velocity,  &V .  This  new  value  is  termed  ^  . 

To  think  in  reverse,  ^  could  also  be  the  value  a  unit  corrective  impulse 
would  change  the  perlcenter  distance.  Since  a  transverse  error  velocity 
had  ouch  a  predominant  effect  on  pericenter  distance  compared  to  the 
longitudinal  error,  the  ^  for  the  transverse  case  will  be  equally  pre¬ 
dominant  over  the  ^  for  the  longitudinal  case.  Therefore,  any  corrective 
velocity  impulse  would  be  most  effectively  applied  transverse  to  the  de¬ 
sired  reference  velocity.  IVom  here  on,  all  corrective  impulses  will  be 
applied  transversely  to  the  reference  velocity  vector. 

A  very  basic  change  in  thinking  must  now  take  place.  Up  to  this 
point  in  the  analysis,  an  error  velocity  was  applied  to  the  reference 
velocity  and  the  resulting  miss  distance  was  calculated.  How,  for  any 
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given  mite  distance  which  resulted  from  some  error  velocity,  a  correc¬ 
tive  impulse  may  he  applied  at  any  /*  to  correct  for  this  miss  distance. 
Therefore,  p  not  only  represents  the  effect  of  a  unit  error  velocity  on 
pericenter  distance  hut  also  represents  the  effect  of  a  unit  corrective 
impulse  on  pericenter  distance. 

In  order  to  distinguish  between  error  velocities  and  corrective 
velocity  impulses,  from  here  on  the  error  velocity  will  he  designated 
with  an  £  superscript,  $VC  .  The  corrective  iinpulse  will  he  without 
any  superscript,  ilso,  the  error  velocity  will  always  he  a  constant 
value  no  matter  where  it  occurs  in  the  trajectory. 

Constant  Kagiitude  Corrective  Impulse  Error  Analysis* 

Tlrst  of  all,  three  new  terms  which  will  he  used  in  the  error  anal¬ 
ysis  oust  he  defined.  The  reduction  factor,  Q,  la  defined  hy  the 
equation 

Q;  =  Oiktrt  t  i*  COHfC /—'Ae*  (54) 

The  reduction  factor,  therefore,  indicates  the  reduced  effect  a  unit  error 
velocity  has  on  the  pericenter  distance  as  the  range  decreases.  The  re¬ 
duction  number,  X,  is  the  fractional  amount  that  the  reduction  factor  is 
reduced  between  any  two  correction  positions.  The  third  term  is  the 
magnification  number,  m,  which  is  Just  the  inverse  of  E 

M  ~  IT  (55) 

•  This  analysis  was  taken  from  a  lecture  series  presented  by  Dr. 

C.  X.  Traenkle  in  April  1963  at  the  Air  force  Institute  of  Technology 
Wrl£it-P  attar  eon  APB,  Ohio. 
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Of  particular  interest  in  this  analysis  will  be  the  final  values  (at 
the  last  correction  position  before  perl  center)  of  Q  and  m  which  will 
be  designated  by  the  subscript  ?. 

For  a  given  error  velocity  at  the  sphere  of  influence  the  pericen- 
ter  miss  distance  1b 

(5<S> 

At  some  range  closer  to  the  planet,  a  corrective  impulse  is  made  to 
correct  for  the  error 


%V,  =  =  -L  SV£ 

N|  K 


(57) 


However,  the  correction  velocity  bVf  is  not  completely  accurate  and  may 
be  in  error  by  S  V*  .  The  new  miaa  distance  1b 

s  rr(0  =  e.,  w£  (58) 

To  have  a  constant  magnitude  corrective  impulse,  the  next  correction 
velocity  must  equal 

-  %V,  (59) 

SV,  =  -^=  %V‘=.  -i-  %Ve  (60) 

and  S,  therefore,  must  be  a  constant.  Again  the  miss  distance  has  been 
reduced  and  equals 

^  %Ve  (61) 

The  total  reduction  in  the  miss  distance  from  the  original  error  at  the 
sphere  of  influence  is 

<62> 
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If  this  sequence  Is  continued  up  to  n  corrections,  each 

&v<  =  -L  sv‘ 

The  sum  of  the  squares  of  the  Sl£  Is 

or 

jJi.  L 

As  a  result  of  the  n  corrections,  the  final  miss  distance  had  been 


(63) 


(64) 


(65) 


reduced  to 


or 


/r  =  0,* 


(66) 

(67) 


The  sum  ,  therefore.  Is 


Si/1 


SKr  _  ffV*  I  _  n¥i  / _ Vi  ♦»» 

— ^  -y-  -  /?  =  >7  m. 


Sy*  -  ”  *  ' 

Tor  any  given  tolerance  on  the  pericenter  miss  distance,  Qf  and  tTtf 

Cl L 

are  known  values  and  a  minimum  — can  he  found.  Tor  a  ten  percent 
tolerance  in  altitude 


(68) 


o  =  =  Ez*- 


(69) 


To  find  the  mlnlmom  velocity  sum,  first  take  the  natural  logarithm  of 
both  sides;  then  take  the  dsrlvitlve  with  respect  to  n  and  set  it  equal 
to  zero. 

fs&7  _  I  !  I  /  . 

(70) 

(71) 


^  =  T  +  7T  foC**) 

*  TFT  ~  fo(mr)  =  ° 


A.  L  LSV4 

dnm\ W 
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/?  =  i/n(mr)  (72) 

To  check  for  a  minimum 


Substitute  (72)  i»+o(73) 


Therefore,  n  gives  the  minimum  value  and  is  the  optimum  number  of 
corrections. 

n*  -  2/n(mf)  (75) 

Variable  Magnitude  Correct ive  Impulse  Error  Analysis 

In  the  previous  error  analysis,  the  fact  that  K  remained  a  constant 
predetermined  the  magnitude  of  SK  for  any  given  n.  If  K  were  to  vary, 
there  would  be  no  way  to  know  what  the  magnitude  of  the  corrective  im¬ 
pulses  would  be  by  just  knowing  n.  In  this  analysis,  K  will  be  allowed 
to  vary  as  well  as  the  number  of  corrections.  A  very  simple  form  of 
Dynamic  Programming  will  be  employed  in  this  digital  computer  analysis 
(see  program  3  for  the  complete  program). 

Again,  by  prescribing  a  miss  distance  tolerance,  is  known  and 
with  this  value,  the  range  to  the  last  correction  position  can  be  read 
from  a  graph  of  ^  vs  range  (see  Pig  l6  for  an  example  plot).  The 
distance  between  this  final  range  and  the  sphere  of  Influence  is  divided 
equally  into  500  range  positions 

n  *here  (76) 
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Now  for  each  of  these  range  positions  (J ^  is  calculated  and  stored  in 
the  computer  memory.  Since  ^  is  now  known,  the  square  of  6Vl  at 
any  /£•  due  to  an  error  at  f*  is  calculated  and  stored  in  the  computer 
memory  (DDV( J)  in  the  program) . 

If  only  one  correction  is  made,  it  must  he  done  at  tf  if  the 
tolerance  is  to  he  met.  If  two  or  more  corrections  are  made,  the  last 
correction  must  he  made  at  /Jr  ,  hut  all  the  others  nay  he  optimized  over 
the  range  of  correction  position.  In  thiB  analysis,  the  maximum  number 
of  corrections  is  15.  The  computer  program  will  find  the  optimum  number 
of  corrections  between  1  and  15  and  the  ranges  at  which  the  corrections 
are  made. 

Tig.  5  (Mat  page)  is  the  flow  diagram  for  the  optimization  portion 
of  the  computer  program.  The  values  of  and  DDV( J)  were  calculated 
and  stored  prior  to  entering  this  portion  of  the  program.  The  portion 
of  the  program  which  follows  what  is  in  Fig.  5  is  the  computations  of 
the  time  intervals  from  each  correction  position  to  pericenter  for  the 
optimum  case  only.  This  analysis  is  the  optimization  of  the  root  mean 
square  of  the  velocity  corrections.  Since  the  computer  time  required 
for  each  initial  condition  was  approximately  nine  minutes,  only  six 
solutions  were  run.  These  were: 

Kars-Hohmann  (1)  optimum 

(2)  close 

Venus- class  A  (3)  optimum 

( 4)  close 

Mars-Return^class  A  (5)  optimum 

(6)  close 
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Time  to  Perlcsnter 

Since  a  finite  time  period  will  tie  necessary  to  make  position 
measurements,  some  check  must  he  made  on  the  time  interval  between 
correction  positions.  Since  all  the  trajectory  parameters  are  known, 
the  Kepler ian  time  equation  is  readily  solved.  If  f  Is  known  the 


Cosh  F  =  +  -£-)  (77) 

from  which  P  and  SlffhF  can  he  solved.  The  time  to  pericenter,  then, 

is 


t  *  jjr[e  sin^  F~F]  °^*r<  T " 


(78) 


Once  the  times  to  pericenter  are  known  for  each  correction  position, 
the  time  between  positions  is  easily  calculated.  Since  K  was  not  ex¬ 
plicitly  determined  in  the  solutions  for  the  constant  magnitude  cor¬ 
rective  impulses,  these  values  must  he  taken  from  the  vs  range  plots. 
As  will  he  noted  later  in  the  discussion  and  results,  the  %  vs  range 
plots  were  very  nearly  strai^xt  line  functions  with  a  slope  equal  to 
.  As  all  the  solutions  were  calculated  on  a  digital  computer, 
this  simplifying  assumption  was  used  in  the  calculation  of  /”  for  the 
time  equations  for  the  constant  magnitude  corrective  impulse  analysis. 


n  -?)*(*)* 


(79) 


In  the  variable  magnitude  corrective  impulse  analysis,  r  was  explicitly 
known  and  no  approximation  of  its  value  had  to  he  made  for  the  time 
equation  solutions. 
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Outbound  Error  Analysis 

When  the  mission  at  the  target  planet  has  been  completed,  injection 
Into  the  hyperbolic  escape  trajectory  must  be  initiated.  It  will  be 
assumed  that  the  point  of  injection  is  known.  The  analysis,  therefore, 
will  be  on  the  effect  of  an  improper  injection  impulse.  As  in  the  in¬ 
bound  trajectory  analysis,  the  idea  of  an  error  velocity  will  be  uBed. 

In  this  outbound  error  analysis,  no  correction  impulses  will  be  applied 
to  the  spacecraft;  the  study  will  be  on  the  resultant  error  velocity  and 
position  error  at  the  sphere  of  influence.  Since  the  return  trajectory 
is  the  reflection  of  the  trajectory  to  the  target  planet,  the  same 
magnitude  of  relative  velocity  is  required  at  the  sphere  of  influence 
that  existed  on  the  inbound  trajectory.  Therefore,  the  reference  semi¬ 
major  axis  is  known.  It  assumed  that  the  circular  orbital  radius  is 


known  to  the  spacecraft  crew. 

Since  CL *  and  //>  are  known 

e*  =  +  i  (so) 

b*  -  (si) 

Vr  =  +  ~&)]  ^  (S2) 

h *  -  !}  *  vf  (S3) 

At  the  sphere  of  influence  Vm  known  and  can  be  calculated  by 

<0*  -  arcsm -Mr-  (84) 

Vm  fm 

The  error  velocity  at  pericenter  must  be  added  vectorally  to  the  refer¬ 
ence  velocity,  V/t  .  Let  Y  be  the  angle  between  these  two  velocity 


/ 
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vectors  (clockwise  rotation  Is  positive)  and  the  resultant  velocity 
vector  In  component  form  would  he 


v/+  iV/cos  y 

(longitudinal  component) 

(85) 

SV/sMY 

(transverse  component) 

(86) 

Due  to  the  error  velocity,  the  actual  ^  at  perlcenter  1b 

*  yo0  +  *rclan 

7 

(87) 

Since  Vjt  and  ^  are  known,  the  resultant  trajectory  parameters  can 

be 

calculated 

a  - 

W-W 

(88) 

A  - /jfi 

At  the  sphere  of  influence 

'/* 

(89) 

V-  ~  [^(jt +  a)] 

(90) 

(91) 

The  change  in  ^  is 

*  Al- A. 

(92) 

There  are  two  other  considerations,  however,  that  effect  the  resultant 
velocity  error  at  the  sphere  of  Influence  even  more.  Any  cross  compo¬ 
nent  of  the  error  velocity  will  rotate  the  location  of  perlcenter.  Any 
longitudinal  component  of  error  velocity  will  change  the  curvature  of 
the  trajectory.  These  two  effects  must  be  included  in  the  analysis. 

Tor  an  error  velocity  as  shown  in  Tig.  6  the  cross  component  causes  the 
perlcenter  to  rotate  through  an  angle  CO  , 
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The  component*  of  the  reeultant  error  velocity  at  the  sphere  of 

influ- 

ence  are 

Sl4»  (/•*?■)  =  !/•  c<**^  — 

(longitudinal  component) 

(97) 

£V^(bant.)  x  i4> 

(transverse  component) 

(98) 

and  the  components  of  the  position 

error  are 

=  /i  (cm  Sf  -  l) 

(longitudinal  component) 

(99) 

-  rm  ton  Sf 

(transverse  component) 

(100) 

where  and  °(  are 

If  $V,£(tr*m)<  O  then  Sf  =  and  *  =  $f  f  (101) 

If  S  vf( frans.)  *  O  then  $f  =  fj-fc#  and  c<  =  «•  g^.(l02) 

If  iVf(trans)  >  <5  then  Sf  sf»+614-fa.  and  *$f +$4.(103) 
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Part  II 


IV.  Optimum  2-Stage  Trajectory  Problem 

Purpose 

The  purpose  of  this  problem  is  two-fold:  (l)  to  determine  a  more 
optimum  reference  trajectory  than  the  fixed  reference  trajectory  de¬ 
scribed  in  the  previous  sections,  and  (2)  to  compare  the  results  with 
those  obtained  previously  to  see  if  there  is  an  appreciable  decrease 
in  the  total  impulse  required. 

Theory  of  Corrections 

The  reference  trajectory  used  previously  was  the  theoretical 
optimum  trajectory  for  a  one-stage  correction.  (Throughout  the  follow¬ 
ing  sections  this  trajectory  is  referred  to  b.b  the  theoretical  optimum 
trajectory.)  When  there  was  an  error,  all  corrections  were  made  in  an 
attempt  to  attain  the  theoretical  trajectory  again.  However,  this 
required  additional  impulses.  Theoretically,  there  should  be  some  tra¬ 
jectory  lying  between  the  reference  trajectory  and  the  error  trajectory 
where  the  combination  of  two  impulses  (one  at  orbit  and  one  at  the  sphere 
of  Influence)  is  a  minimum,  ThlB  follows  from  the  fact  that  as  the  im¬ 
pulse  at  the  sphere  of  influence  is  increased  to  bring  the  trajectory 
closer  to  the  reference  trajectory  the  impulse  needed  at  the  orbit  de¬ 
creases.  At  some  intermediate  trajectory  the  trade-off  between  the  two 
impulses  will  give  an  optimum  value.  This  value  and  its  corresponding 
trajectory  is  what  this  problem  seeks  to  determine. 

Assumptions 

The  specific  assumptions  which  are  made  in  the  following  analysis 
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are: 

Orbital  Range.  A  range  of  acceptable  orbital  radii  will  be  allowed; 
this  can  be  specified  as  input  to  the  computer  program.  For  a  specific 
analysis  in  this  thesis,  1.1  to  6.1  times  the  surface  radius  of  the  target 
planet  is  the  allowable  range. 

Corrections.  Only  two  corrections  are  made.  The  first  1b  made  at 
the  sphere  of  influence  toward  the  theoretical  optimum  trajectory,  but  a 
variety  of  magnitudes  and  directions  of  the  impulse  are  allowed  (this  is 
explained  in  detail  later,  see  pg.  39).  The  second  correction  is  always 
made  tangentially  to  the  path  at  the  pericenter  of  the  resulting 
trajectory. 

Errors.  No  errors  are  made  in  the  corrections.  This  of  course  is 
not  a  realistic  assumption,  bit  since  the  analysis  is  intended  only  to 
give  a  comparison  of  the  two  methods  of  correction,  if  both  are  compared 
on  the  no- correct ion- error  basis,  the  comparison  should  be  valid. 

Further  analysis  of  the  effects  of  errors  is  given  in  Program  8. 

Type  of  Trajectories.  Only  hyperbolic  trajectories  are  analyzed 
between  the  sphere  of  influence  and  the  orbit.  The  magnitude  of  the 
Impulse  required  at  the  sphere  of  influence  to  reduce  the  trajectory  to 
the  parabolic  energy  level  would  be  nearly  the  initial  velocity,  and  an 
additional  Impulse  would  be  required  at  orbit.  However,  the  impulse  re¬ 
quired  for  the  reference  trajectory  is  only  approximately  .707  times  the 
initial  velocity,  and  small  errors  from  the  reference  trajectory  were 
anticipated  to  Increase  the  total  impulse  by  only  a  small  percentage 
(this  was  borne  out  by  the  results).  Therefore,  any  application  of  im- 
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pules  that  reduces  the  trajectory  to  less  than  hyperbolic  energy  levels 
1b  hound  to  exceed  the  optimum  value.  The  orbit  1b  always  circular  and 
of  radius  equal  to  the  pericenter  distance  of  the  transitional  hyperbolic 
path. 


Basic  Equations 

The  basic  equation  used  have  been  given  previously,  but  they  are 
repeated  here  for  comparison  with  their  normalized  forms,  which  are  used 
in  the  computed  programs.  The  normalizations  used  are  a  localized  system 
where  distances  are  divided  by  the  surface  radius  of  the  target  planet, 
and  the  velocities  are  divided  by  the  local  circular  velocity  at  the  sur¬ 
face  radius. 

Circular  Velocity.  The  circular  velocity  at  any  radius,  r,  is 


JL  .  v-here  =  ^  . 

C  Vc.  9  Rs 


(io4) 


Escape  Velocity.  The  local  escape  velocity  at  any  radius,  r,  is 


V  =.JH E 

fs  i  r 


>  V  * 


*  (105) 

Kinetic  Energy.  The  kinetic  energy  equation  (per  unit  mass)  in 
terms  of  the  radius,  r,  and  the  semi-minor  axis  of  the  hyperbola,  a,  is 

v*=g (|  +  y)  :  V*=i+7r  > 

'r  a/  R  A  **  (106) 

Angular  Momentum.  The  equation  for  constant  angular  momentum  (per 
unit  mass)  is 

h  =  rVst'n^  =  =  R0\4  (107) 

Total  Energy.  The  equation  of  total  energy  (per  unit  mass)  in  terms 


of  kinetic  and  potential  energr  1b 

c-  2  r 
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Theoretical  Optimum  Trajectory.  The  theoretical  optimum  trajectory 
parameters  are 


_  VflMF- 

"VF 


Ar;#_ 

4v«-yr 


(109) 


(no) 


v*-  V*  vtNF  :  'T»*/?Vwf  and  e*=  3  (111) 

Hyperbolic  Parameters.  Pertinent  relationships  of  the  hyperbolic 
conic  parameters  are 

l  =  a  (e*-  0  =  —  :  l*  A(e*-0aH4  (112) 

G 

Computer  Program  J 

The  flow  diagram  for  Program  7  is  Bhovn  on  page  36,  and  provides  a 
concise  clear  picture  of  how  the  program  is  constructed.  The  actual 
program  is  more  difficult  to  follow  and  1b  included  in  .Appendix  B  . 

Input  Data.  The  elements  of  data  which  are  supplied  to  the  program 
as  input  data  are  as  follows: 

HEAD  — the  heading  for  the  problem 

G  —the  target  planet's  gravitational  constant 
VXM  —the  initial  velocity  (velocity  relative  to  the  target  planet 
at  the  sphere  of  influence) 

the  Initial  radius  (radius  of  the  sphere  of  influence) 

R  — the  target  planet's  surface  radius 
«5 

— the  first  trial  path  angle  considered  for  an  initial 
condition 
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A<^ — increment  between  path  angLes  in  the  initial  condition  eet 

P.  --the  firet  trial  orbital  radius 
oxw 

ARor(J — the  increment  between  trial  orbital  radii 

Vc  — the  circular  velocity  of  the  earth  about  the  8un 
re  — the  radius  of  the  earth 
Ge — the  gravitational  constant  of  the  earth 
OAVx  —  the  initial  value  for  the  optimum  sum  storage  cells 
ICr  —the  initial  value  for  the  iteration  counter 
NORM!  — normal iaation  indicator  for  input,  NORMf>0  indicates 
normalised  input 

NoRUrtg — normalisation  indicator  for  output,  K0EMi>0  indicates 
normalized  output 

L  — number  of  initial  condition  eete 
M  — number  of  radii  in  radius  grid 

N  —the  limiting  number  of  iterations  allowed  in  each  loop 
PCERR — percentage  of  teet  value  for  convergence 
— maul  gain  allowable  orbital  radius 
Rmin  — minimum  allowable  orbital  radius 

DATA  — number  of  sets  of  data  remaining  after  the  one  being 
prooeseed 

This  program  allows  two  sy stems  of  lig>ut  data:  the  primary  one  is  a 
normalised  system  and  the  other  uses  kilometers  and  seconds  as  units. 
In  the  normalised  system  the  planet  constants  are  normalized  with 
respect  to  the  earth  constants: 
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A  r 

R  =1* 

rs„ 


G  =  G 

Gr 


V  = 

XX  T 7* 


\--437o  km.)  ,  (113) 

(Ge  -x  3 . 990  6o)fe  kmVsec2  )  (n4) 

(Ve-  Z9.B  kv»/sec)  .  (115) 


But,  the  local  distances  are  normalized  with  respect  to  the  surface  radius 
of  the  target  planet: 


(116) 


All  angles  in  the  input  and  output  are  in  degrees,  "but  are  converted  in 
the  program  to  radians  for  use  in  computer  subroutines,  and  are  then  re¬ 
converted  for  output. 

The  input  data  from  both  systems  is  converted  to  a  completely  local¬ 
ized  system  for  computations.  The  latter  system  was  explained  previously 
(see  pg.  34) and  uses  rs  and  ^cs  as  bases  for  normalized  distances  and 
velocities. 

Theoretical  Optimum  Trajectory.  The  program  computes  and  outputs 
the  results  of  the  theoretical  optimum  trajectory  calculations  which 
were  described  in  detail  earlier  (see  pg.  5  )  and  are  not  repeated  here. 
The  impulse  required  for  this  trajectory  is  used  as  a  standard  of  com¬ 
parison  for  all  other  impulse  sums.  The  AVs  are  divided  by  this  value 
for  output. 

Iteration  Principle.  The  calculations  of  the  trajectory  are  made 
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in  reverse  (as  an  outgoing  trajectory)  to  obtain  a  simple  Iteration  pro¬ 
cedure.  For  each  initial  condition  the  orbital  radius  and  a  velocity  of 
ejection  from  circular  orbit  are  selected;  the  difference  between  the 
chosen  ejection  velocity  and  the  circular  velocity  is  the  impulse  needed 
at  the  orbit.  Then  the  conditions  for  this  particular  trajectory  at  the 
sphere  of  influence  are  calculated  and  compared  with  the  initial  conditions 
given  in  the  problem.  The  difference  in  velocity  vectors  is  the  velocity 
necessary  at  the  sphere  of  influence  to  attain  the  originally  selected 
orbit.  The  sum  of  the  magnitudes  of  the  impulses  at  the  sphere  of  in¬ 
fluence  and  at  the  orbit  is  the  same  for  either  the  outgoing  or  the  in¬ 
coming  trajectories;  only  the  directions  of  application  are  different. 

Tor  each  particular  orbital  radius  chosen,  a  set.  or  grid,  of  ten 
different  ejection  velocities  is  selected.  The  velocity  grid  1b  chosen 
to  span  trajectories  with  ener&r  contents  of  sligitly  greater  than  para¬ 
bolic  to  hyperbolic  with  a  velocity  VXN  at  infinity.  Any  trajectory  of 
greater  energy  content  than  the  later  will  certainly  not  be  optimum, 
since  it  would  involve  an  addition  of  energy  which  would  just  have  to  be 
countered  during  the  orbital  correction.  Therefore,  the  optimum  ejection 
velocity  for  the  particular  radius  chosen  will  certainly  lie  somewhere 
within  the  grid.  The  calculations  previously  described  for  the  sum  of 
impulse  are  made  for  each  velocity  of  the  grid.  The  velocity  in  the 
grid  corresponding  to  the  minimum  eum  of  impulses  is  used  as  the  center 
point  for  a  new  velocity  with  one-tenth  the  span  of  the  first  grid.  The 
process  is  repeated  and  the  optimum  point  of  the  second  grid  is  used  as 
a  center  point  for  the  third  g'id,  which  has  one-tenth  the  span  of  the 
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second,  grid.  This  iteration  process  is  repeated  until  successive 
minimum  impulse  sums  have  converged  to  the  desired  accuracy.  The 
accuracy  requirement  is  specified  "by  input  data.  (0.01$  change  was  the 
requirement  for  data  in  this  thesis.)  The  final  result  is  an  optimum 
impulse  sum  and  corresponding  ejection  velocity. 

If  a  desired  orbital  radius  is  specified  for  the  trajectory,  the 
iteration  process  would  be  terminated  at  this  point;  however,  if  a  range 
of  orbits  is  allowed,  the  above  procedure  is  repeated  for  each  of  ten  radii 
in  an  orbital-radius  grid.  Bach  radius  in  the  grid,  which  spans  the 
allowable  radius  range,  will  have  an  optimum  Impulse  sum  and  corresponding 
trajectory.  There  will  be  one  radius  that  will  correspond  to  the  trar- 
Jectory  having  the  overall  minimum  impulse  sum.  This  radius  is  in  turn 
used  as  the  center  point  for  a  second  radius  tirid  with  one-tenth  the  Bpan 
of  the  first.  The  radius- iteration  process  continues  and  1b  terminated 
in  the  same  manner  as  the  velocity-iteration  process  was.  The  final  re¬ 
sult  of  the  complete  iteration  process  is  an  overall  optimum  impulse  sum 
and  the  corresponding  orbital  radius  and  ejection  velocity.  ■  v  i(  these 
quantities  any  of  the  parameters  of  the  optimum  trajectory  can  be  computed. 

Iteration  Calculations.  The  actual  calculations  for  the  iteration 
processes  are  described  briefly  below.  Hereafter,  unless  otherwise 
specified,  all  velocities  are  locally  normalized  and  the  H,v"  has  been 
dropped. 

X  set  of  initial  conditions  at  the  sphere  of  influence  is  generated 
by  the  pro^am,  where  each  condition  has  the  same  velocity  magnitude  but 
a  different  path  angle.  The  first  condition  has  a  path  angle  determined 
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from  input  data: 

4.  - 


XN 


(117) 


Each,  successive  angl e  is: 


■«  -,-1.  (us) 

The  radius  grid  ie  determined  by  input  data  which  Btatee  the  initial 
orbital  radlue  and  the  Increment  between  grid  radii.  The  computer  com¬ 
putes  the  grid  accordingly;  the  first  radius  is 


(119) 


'V  ^°IN 

and  each  successive  radius  is 

R°t  =  ^  (120) 

The  velocity  id  is  also  determined  from  input  information,  the 
initial  velocity,  and  from  the  grid  radius  which  is  presently  being  con¬ 
sidered  (each  different  grid  radius  will  have  a  different  velocity  gc id). 
The  local  escape  velocity  at  the  grid  radius  defines  the  lower  limit  of 
the  ejection  velocity,  as  this  corresponds  to  a  parabolic  trajectory. 


(121) 


The  ejection  velocity  necessary  to  give  the  vehicle  a  velocity  of  VIN 
at  infinity  is 


V  =  Vv 2  +•  si2- 

a  *  'r*  T  vp* R 


(122) 


since  will  give  it  a  velocity  equal  to  sero  at  infinity. 

For  ten  equally  spaced  velocities,  or  nine  increments,  between  the 
two  limits,  the  grid  increment  or  change  is 
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2. 

£yl  _  ~V  yEN  T  ^PAg.  ~  VpME 

°  9 


(123) 


To  assure  hyperbolic  paths,  the  first  grid  point  is  taken  sli^itly  hi^Jier 
than  the  parabolic  velocity, 


\  *  ^  *  i«= 

and  each  successive  velocity  is  greater  than  the  previous  by 


(124) 


(125) 

This  means  that  the  tenth  velocity  will  be  sli^itly  greater  than  the 
upper  limit  calculated  before,  but  this  is  of  little  consequence,  since 
the  main  concern  is  that  the  grid  span  all  velocities  which  might 
possibly  be  the  optimum. 

Impulse- Sum  Calculations.  The  order  in  which  calculations  are  done 
in  the  program  1b  governed  by  the  parameters  on  which  they  depend.  All 
elements  which  can  be  determined  from  only  the  initial  conditions  are 
calculated  first,  so  that  they  will  not  be  repeated  many  times  in  the 
loops.  Next,  the  elements  involving  the  orbital  radius  are  c.  v  ated 
so  that  they  will  not  be  repeated  in  the  velocity  loops.  And  finally  the 
calculations  involving  the  velocities  are  made. 

The  potential  energy  at  the  sphere  of  influence  is  based  only  on  the 
initial  radius:  PE  *  1  /Ren  • 

The  circular  velocity  at  orbit  is  based  only  on  the  orbital  radius: 

Vc=  C  l/R0)'/*’. 

Several  calculations  depend  upon  the  selected  ejection  velocity.  The 
impulse  at  orbit  is 


AVa  =VC-VC  , 


(126) 


42 


&a/pW63-5,6 


and  the  resulting  trajectory  parameters  are 


and 

H  =  *.Ve 


(127) 

(128) 


The  conditions  of  the  resulting  trajectory  at  the  sphere  of  influence 


are  , - - 

V^X.ZPE 

“*  *  =  arcs,'"(i6) 


(129) 

(130) 


The  impulse  at  the  sphere  of  influence  is  determined  by  trigonometric 


rather  than  geometric  relationships,  since  the  geometric  cosine  law  in¬ 


volves  subtracting  numbers  of  nearly  equal  magnitudes,  and.  therefore  a 
possibility  of  large  errors.  The  change  in  path  angle  is  —  &  - ¥Zh  ' 

The  longitudinal  and  cross  components  of  the  corrected  velocity  (see  Fig. 
8)  are  VL<;  -  Vc os  &  Vcet  -  V  SimA^  . 


Then  AVlG  =  Vr)S(  -  VLS  and  <9  =  arcWi(VCR/AVLS)j  so  that  the 

nft^oltudo  of  th o  Impulse  At  th®  sphere  of  influence  is  AV=  |vcu/sine|. 
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The  absolute  value  Is  taken  so  that  all  impulses  axe  additive.  The  sign 
is  significant  only  for  vector  orientation.  This  is  a  necessary  con¬ 
sideration  for  determining  the  correction  angLe  (see  pg.4 7),  but  at  the 
present  only  the  calculations  are  made  which  are  necessary  to  find  the 
total  sum  of  impulses  for  each  case.  The  remaining  parameters,  such  as 
the  correction  angle,  are  calculated  after  the  optimum  trajectory  has  been 
determined.  This  procedure  eliminates  the  calculation  of  some  parameters 
for  the  nonoptimum  cases. 

Optimum  Selection  Procedure.  The  general  optimum- selection  procedure 
is  accomplished  by  comparing  the  most  recent  value  of  the  impulse  sum  with 
the  optimum  of  all  preceeding  sums.  If  the  recent  value  is  less  it  re¬ 
places  the  old  optimum.  Before  the  first  calculation  is  made,  a  very 
large  number  is  placed  in  storage  as  the  optimum  value  so  that  the  first 
sum  is  certain  to  be  smaller,  and  hence  be  selected  as  the  current 
optimum. 

Since  the  optimum  sums  of  consecutive  iterations  are  used  to  test 
convergence  in  the  program,  this  optimum  selection  process  must  be  used 
at  four  points:  (l)  the  optimum- impulse  sum  for  each  velocity  grid  with 
a  specific  R#  is  selected,  (2)  this  1b  compared  to  "old  optimum",  which 
is  optimum  for  all  previous  gyids  with  the  same  ,  (3)  the  "old 
optimum"  is  checked  against  the  "subsequent  optimum",  which  is  the  least 
value  for  all  velocity  ^rids  of  all  previous  orbital  radii  in  the  same 
radius  grid,  and  (4)  the  "subsequent  optimum"  is  compared  to  the  "pre¬ 
vious  optimum",  which  is  the  overall  optimum  for  all  previous  radius 
grids.  Therefore,  when  the  last  set  of  RQ’s  have  been  analyzed,  the 
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value  in  the  "previous  optimum"  storage  position  ie  the  optimum  value  for 
all  trials.  If  a  specific  orbital  radluB  were  desired,  the  radius  grid 
could  he  eliminated  (this  can  he  done  with  this  program  by  specifying 
these  inputs:  ARo=0  and  =  ^  and  on^y  fir3't  tw0 

optimum  selection  processes  would  be  required.  For  a  zero  >  the 

program  will  transfer  the  "old  optimum"  value  to  the  "previous  optimum" 
storage  position  for  output. 

Convergence  Test.  The  convergence  test  that  is  used  to  terminate  the 
iteration  loops  specifies  a  maximum  percentage  difference  between  con¬ 
secutive  optimum  sums.  The  difference  in  sums  must  be  less  than  the 
specified  percentage,  which  1b  based  on  the  lower  of  the  two  sums,  to 
obtain  greater  convergence.  In  this  thesis  analysis  0.01$  (or  O.OOOl) 
was  used  as  a  convergence  limit,  A  very  small  percentage  was  used  Bince 
the  degree  of  convergence  and  the  degree  of  error  do  not  necessarily 
correspond.  For  example:  the  true  optimum  value  (if  it  were  known) 
might  be  1.8772,  while  consecutive  iterations  yeilded  1.8000,  1,9000, 
1.8800,  1.8785,  1.8781,  1.877?,  1.8776,  and  1. 8776.  Since  the  difference 
between  the  last  two  values  is  less  than  0.01$  the  computations  would  be 
terminated,  but  the  error  would  be  greater  than  0.01$,  However,  if  the 
computations  were  continued  the  true  value  might  be  obtained:  1.877^, 
1.8773,  1.8773,  1.8772.  Even  the  fact  that  two  consecutive  values 

correspond  does  not  mean  that  the  true  optimum  has  been  reached,  since 
the  true  value  may  lie  approximately  half  way  between  the  two. 

In  addition  to  the  convergence  test  an  iteration-count  test  is 
used  as  a  safeguard  against  Indefinite  looping  if  erroneous  data  is 
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picked  up  somewhere  in  the  program.  The  limiting  number  of  iterations 
can  be  specified  as  input  data,  N  ,  and  in  this  case  10  was  used  since 
trial  cases  showed  that  normally  no  more  than  4  or  5  loops  were  made  for 
necessary  convergence. 

Trajectory  Calculations.  After  the  optimum  trajectory  has  been 
selected,  the  trajectory  parameters  are  recomputed,  since  only  VQ  and 

of  the  optimum  trajectory  are  stored  during  iterations.  Although 
it  would  be  possible  to  store  a  table  of  all  the  trajectory  parameters 
for  the  optimum  case,  the  many  transfers  of  data  into  the  table  would 
require  more  time  and  more  storage  space  than  just  recomputing  the  few 
parameters  for  the  optimum  case. 

After  the  parameters  which  were  previously  described  are  recomputed, 
the  correction  an£Le  is  calculated.  Special  consideration  of  the  cor¬ 
rection  is  required  since  the  7090  Computer  subroutine  for  the  arctangent 
yields  only  1st  and  4th  quadrant  angles  (-if  to  +ir  ),  and  the  thetaB  in 
the  program  may  be  in  any  of  the  four  quadrants.  Therefore,  when  AVLS. 
ie  negative,  pi  is  subtracted  from  theta  to  give  the  desired  or  3r<i 
quadrant  angle.  This  is  illustrated  in  Table  III.  Although  adding  pi 
to  theta  would  give  an  equivalent  angle,  it  ie  subtracted  here,  since 
theta  iB  later  subtracted  during  the  calculation  of  pel: 

<p  -  rr-Q  4-  4>z  (131) 

By  this  convention  pal  will  normally  be  less  than  pi  in  magnitude. 

Output  Data.  All  input  data  to  the  program  ie  also  written  out  in 
the  form  in  which  it  wae  entered;  this  provides  a  convenient  reference 
and  a  check  on  proper  insertion  of  data.  The  remainder  of  the  output 
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data  can  'be  converted  to  either  of  the  two  systems  of  units  described 
for  the  input  data.  In  normalised  system,  however,  the  AVs  are 
further  normalised  with  respect  to  AV#.  This  expresses  the  impulses 
as  a  percentage  of  the  theoretical- optimum  impulse.  The  output  in¬ 
formation  for  the  optimum  trajectory  is  as  follows: 

— the  initial  path  angle 
f?0  — the  orbital  radius 
AVr  --the  sum  of  impulses 

AV  —the  first  impulse,  at  the  sphere  of  influence 
AV^ — the  second  impulse,  at  the  orbit 
<p  — the  path  angle  after  the  first  correction 
^  —the  angle  of  the  first  correction  impulse  with  respect 
to  the  radius  vector 

and  V  — the  velocity  after  the  first  correction 

The  most  significant  results  are  given  on  pgs .  100-106, and  other  re¬ 
sults  are  given  in  Appendix  B  . 

Finally,  the  program  teste  the  value  of  "BATA'’  from  the  input;  this 
is  a  number  which  indicates  the  number  of  sets  of  data  left  to  process. 
If  the  number  ie  zero,  the  program  1b  terminated;  if  It  is  not  zero,  the 
next  set  of  input  data  is  road  and  the  whole  program  ie  repeated.  This 
procedure  eliminates  loading  the  program  into  the  computer  for  each 
Beparate  problem;  as  many  problems  as  desired  can  be  run  sequentially. 
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7.  Optimal  Trajectory  for  a  Range  of  OrbltB 


Purpose 

This  problem  is  a  continuation  of  the  last  problem;  it  io  also 
based  on  an  allowable  range  of  circular  orbits.  The  objective  of  this 
problem  is  to  use  the  correction  of  Program  1  as  a  starting  point  and 
to  determine  an  optimum  sequence  of  corrections  from  there  to  the  orbit 
when  errors  in  each  correction  are  assumed.  The  purpose  also  includes 
a  comparison  of  the  results  of  this  method  with  those  from  the  Multi- 
step  Optimization  Problem  and  the  Kulti-step  Reduction  Problem. 

Theory  of  Correction  Sequence 

If  the  Bame  logic  behind  Program  7  were  applied  throughout  the 
sequence  of  correction  which  involves  errors,  there  would  be  no  fixed 
reference  trajectory  since  each  step  would  have  a  different  optimum 
reference  trajectory  computed  by  Program  7.  The  optimum  reference  path 
at  any  radius  would  depend  upon  what  each  of  the  proceeding  errors  and 
optimum  paths  had  been.  This  method  might  work  well  in  actual  appli¬ 
cation  where  a  computer  on  the  spacecraft  is  used  to  determine  the  best 
correction  sequence,  rather  than  having  it  all  precomputed  for  a 
statistical  error  distribution.  The  logical  point  at  which  to  make  each 
correction  would  be  determined  by  the  following  method: 

(1)  The  optimum  2-correction  path  is  calculated  periodically  by 
Program  7* 

(2)  the  worst  expected  error  is  added  to  the  calculated  optimum 
correction  and  the  resulting  trajectory  parameters  are  calculated. 


49 


GA/?hys/  63-5.6 


(3)  the  impulse  required  at  orbit  for  the  resulting  trajectory 
would  be  added  to  the  optimum  correction  impulse, 

(4)  the  impulse  required  at  orbit  for  the  actual  trajectory  which 
the  spacecraft  is  now  on  would  be  computed,  and 

(5)  the  impulse  sum  from  (3)  would  be  compared  to  the  impulse 
from  (4);  if  the  latter  is  smaller  a  correction  would  not  be  made  at 
this  time,  but  if  it  is  larger  a  correction  is  certain  to  be  more 
optimum. 

The  above  method  would  be  fairly  simple  where  the  actual  errors 
after  each  correction  would  be  known.  But  for  a  hypo thetheti cal  problem 
using  statistical  errors  it  becomes  extremely  complicated,  since  the 
effects  of  the  individual  errors  are  not  independent.  The  directions 
as  well  as  the  magnitude  affect  the  impulse  sums. 

Therefore,  in  this  problem  the  correction  sequence  has  been 
simplfied  by  always  attempting  to  correct  to  the  original  optimum 
reference  trajectory.  Since  the  direction  of  the  error  is  very 
significant  when  a  range,  of  orbits  is  allowed,  and  "envelope"  error 
trajectories  is  used,  First  the  errors  are  all  assumed  to  increase  the 
pericenter  distance  (outer  errors),  and  then  the  analysis  is  repeated 

with  errors  that  decrease  the  pericenter  distance  (inner  errors).  This  i 

envelope  will  give  the  extremes  of  impulses  required  to  compensate  for 

errors. 

i 

Aasunptlons 

Orbital  Barge.  As  in  the  previous  problem,  the  acceptable  range 
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for  orbits  is  assumed  to  be  1.1  to  6.1  times  the  surface  radius  of  the 
target  planet. 

Programmed  Mission  Orbit.  The  programmed  mission  orbit  (the  aiming 
point  for  the  midcourse  guidance)  is  assumed  to  be  the  theoretical  optimum 
trajectory  orbit  when  it  lies  within  the  acceptable  range.  If  the  theo¬ 
retical  orbit  lies  above  the  range,  the  outer  range  limit  is  used  as  the 
programmed  orbital  radius,  and  if  the  theoretical  orbit  lies  below  the 
range,  the  programmed  radius  is  the  inner  range  limit. 

Midcourse  Error-.  There  is  an  initial  error  at  the  sphere  of  in¬ 
fluence  that  is  caused  by  errors  in  midcourse  guidance.  For  the  purposes 
of  this  analysis  an  error  equal  in  magnitude  to  10$  of  the  velocity  and 
directed  perpendicular  to  the  velocity  vector  is  assumed,  Bince  that  is 
the  direction  causing  the  most  significant  effect  on  the  orbital  radius. 
.Also,  the  perpendicular  error  assumption  is  consistent  with  the  previous 
programs. 

Reference  Trajectory.  From  the  initial  conditions  (the  programmed 
trajectory  plus  the  midcourse  error),  an  optimum  reference  trajectory  is 
selected  by  the  analysis  of  Program  7.  All  subsequent  corrections  are 
made  in  an  attempt  to  attain  the  reference  trajectory. 

Correction  Errors.  An  error  in  each  correction  impulse  is  assumed, 
and  for  this  analysis  the  value  of  1$  of  the  reference  trajectory  velocity 
at  the  correction  radius  is  used.  Since  a  range  of  orbits,  which  is  not 
necessarily  symmetrical  with  respect  to  the  reference  trajectory,  is 
allowed,  the  directions  as  well  as  the  magnitudes  of  the  errors  are  im¬ 
portant.  The  worst  combinations  of  errors  will  occur  when  all  of  the 
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errors  axe  in  the  same  direction;  therefore,  an  envelope  of  errors  is 
used  to  determine  the  worst  possible  error  conditions.  First,  the 
errors  are  all  assumed  to  be  "outer  errors,"  which  increase  the  peri- 

center  distance.  Then  the  errors  are  all  assumed  to  be  "inner  errors,"  ' 

which  decrease  the  pericenter  distance.  For  consistency  with  the  assump¬ 
tions  in  previous  problems,  the  correction  errors  are  all  assumed  to  be  A 

cross-component  errors.  Since  this  results  in  a  very  small  error  angle, 

6/  ,  its  cosine  is  assumed  to  be  very  nearly  unity,  and  the  change  in 
velocity  magnitude  is  negligible. 

Number  of  Correct  ions.  The  number  of  corrections  was  originally 
limited  to  15,  since  previous  analysis  showed  that  optimum  number  is 
likely  to  be  less  than  this.  Preliminary  results  from  Program  8  in¬ 
dicated  that  it  would  probably  be  much,  less  than  15  when  a  range  of 
orbits  is  allowed;  therefore,  the  limit  was  reduced  to  10. 

Orbital-Range  Tolerance.  Because  a  range  limit  may  be  chosen  as 
the  reference  trajectory,  none  of  the  error  trajectories  to  the  outside 
of  the  reference  will  be  in  the  allowable  range.  Therefore,  a  range- 
limit  tolerance  is  allowed  for  the  error  trajectories.  This  tolerance, 
within  which  the  final  erroneous  orbit  must  lie,  is  assumed  to  be  10# 

i 

of  the  altitude  of  the  orbit  above  the  planet's  surface. 

Type  of  Trajectory.  Once  again  the  trajectories  between  the  sphere 
of  influence  and  the  orbit  are  assumed  to  be  hyperbolic,  while  the  orbit 
is  circular. 

Basic  Equations 

The  basic  equations  used  in  this  analysis  are  the  same  as  used  in 
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Program  7  ( see  pgs.  34-35)  and  are  not  repeated  here. 

Computer  Program  8 

Program  8  is  divided  into  a  main  program  and  four  subprograms.  The 
main  program  is  explained  first  and  the  functions  of  the  subprogram  are 
stated.  The  details  of  each  subpro^am  are  explained  later.  The  flow 
chart  for  Program  8  Is  on  page  5  . 

Input  Data.  The  input  data  for  this  program  is  allowed  only  one 
form,  which  is  the  same  form  as  the  normalized  input  to  Program  7.  The 
input  data  is  also  converted  to  the  locally- normalized  system  within  the 
program,  as  in  Program  7. 

Theoretical  Optimum  Trajectory.  The  calculations  of  the  theoretical- 
optimum-  trajectory  parameters  is  also  included  in  the  program.  The  details 
of  the  calculations  have  been  given  on  ptge  5. 

Sequence  of  Computations.  First,  the  programmed  mission  orbit  is 
determined  in  accordance  with  the  assumptions  and  the  value  of  ,  the 
theoretical-optimum  orbital  radius.  If  one  of  the  orbital-radius-range 
limits  is  selected  as  the  reference  orbit,  the  corresponding  initial 
conditions  at  the  sphere  of  Influence  must  be  determined.  This  determi¬ 
nation  is  made  by  the  Subroutine  RTRAT,  If  the  theoretical  optimum  is 
selected  for  reference,  the  initial  conditions  have  already  been  de¬ 
termined. 

The  outer-error  analysis  is  made  first,  and  begins  at  this  point. 

The  outer  limit  of  the  radius-range  tolerance  is  calculated  by  the 
formula 

(132) 
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Next  the  initial  error  is  added  to  the  initial  conditions  to 
determine  a  new  set  of  initial  conditions  including  the  error: 

VI  =  V'vin<i+vb*^  (133) 

(134) 

where  has  been  previously  determined  in  the  program  as 

arc  tan  (Vg,*,,)  (135) 

This  new  set  of  initial  conditions  is  given  to  the  Subroutine  REPORT  for 
calculation  of  the  optimum  reference  trajectory. 

Using  the  reference  trajectory,  the  Subroutine  0PTSE<  computes  the 
optimum  correction  sequences  for  one  to  ten-Btage  sequences. 

The  last  part  of  the  program  is  now  repeated  for  inner  errors 
starting  with  the  computations  of  the  inner  limit  of  range  tolerance: 

“  ^esu  1  ^  ^l3^ 

After  the  inner-error  sequences  have  been  determined,  the  program 

will  be  terminated  if  no  other  sets  of  input  data  remain  to  be  cal¬ 
culated.  If  the  results  of  more  than  one  set  of  input  data  are  desired, 
the  Input  parameter  "DATA"  is  set  positive,  and  the  entire  program  will 
be  repeated. 

Output  Data.  As  a  convenience  end  for  a  check  on  the  proper  in¬ 
sertion  of  input  data,  all  significant  input  data  is  written  out  in  the 
same  form  In  which  it  was  entered.  (The  limits  on  I  and  N,  the  number 
of  correction  radii  and  the  number  of  corrections  was  not  considered 
aigilflcant  since  it  is  apparent  from  the  results  which  are  written  out. 
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The  results  are  written  out  immediately  following  the  completion  of 
each  phase  of  the  program,  since  the  7090  Computer  can  calculate  while 
outputing  information.  This  procedure  reduces  the  running  time  of  the 
program.  Many  of  these  outputs  are  in  the  subroutines  themselves,  and 
consequently  are  described  in  the  details  of  the  subroutines. 

In  general  the  form  of  the  output  data  is  the  normalized  system 
where  the  AV’s  are  normalized  by  &.V*  and  the  Rs  by  f?s.  The  final 
angle  calculations  are  written  out  in  degrees  as  indicated  in  the  results 
by  "(D)"  following  the  angle  name.  At  a  few  points  intermediate  angle 
results  are  given  in  radians,  with  no  indication  of  units. 

The  output  parameters  from  the  main  program  are 
VCJ — local  circular  velocity  at  the  radius  , 
l?s — the  surface  radius  of  planet, 

vin”  -the  Initial  velocity  of  the  spacecraft  relative  to  the  planet 
-the  initial  path-angle  error, 

-the  path- angle  correct  ion- error, 

Ro  — the  theoretical  optimum  orbital  radius,  in  both 
dimensional  and  non-dimensional  form, 

AV  — the  theoretical  optimum  impulse,  in  both  dimensional  and 
non-dimensional  form, 

— the  theoretical  optimum  path  angle  at  the  sphere  of 
influence,  in  both  dimensional  and  non-dimensional  form, 

Ror — the  reference  trajectory  orbital  radius, 

-the  reference  trajectory  path  angle  at  the  sphere  of  in¬ 
fluence,  in  both  dimensional  and  non-dimensional  form, 
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RUM— the  tolerance-limit  for  the  orbital  range,  either  for  inner 
or  outer  errors,  depending  upon  the  current  phaBe  of  the 
analysis, 

Vr  — the  initial  velocity  including  midcourse  error,  and 
<fiT — the  initial  path  angle  including  error 

Subprograms 

The  four  subroutines  which  are  used  in  Program  S  ere  described  in 
the  order  in  which  they  are  called  for  in  the  programs. 

Subroutine  RTRAJ.  This  routine  is  used  to  calculate  the  initial 
conditions  at  the  sphere  of  influence  when  one  of  the  range  limits  is 
selected  as  the  programmed  orbit.  Since  the  velocity  at  the  sphere  of 
influence  for  the  programmed  trajectory  ia  assumed  to  be  equal  to  VrN  » 
only  the  initial  path  angle  must  be  determined.  This  program  assumes 
various  pericenter  velocities  for  trial  trajectories  with  a  pericenter 
distance  of  and  attempts  to  match  the  velocity  at  the  sphere  of 

influence  to  VrN  .  The  flow  chart  for  RTRAJ  is  on  page  58 . 

Ths  input  parameters  from  the  main  program  to  the  subroutine  are 
the  orbital  radius,  Rj_w  •  the  initial  conditions  at  the  sphere  of 
influence:  RrK  ,  VrN  ,  and  PE.2(two  times  the  potential  energy). 

Since  the  computations  involve  an  iteration  process,  ths  final 
result  is  an  approximation  and  a  criterion  of  accuracy  mat  be  specified. 
In  this  ease,  finally  computed  value  of  velocity  at  the  sphere  of  in¬ 
fluence  must  not  differ  from  by  more  than  0.0l£,  V,_,m  =  O. oooiV1N. 

A  starting  point  is  determined  for  the  iteration  process  by 
selecting  a  trajectory  of  somewhat  greater  energy  content  than  that  of 
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desired  trajectory.  The  perlcenter  velocity  corresponding  to  thle 
starting  trajectory  is  then  decreased  in  Increments  until  the  traject¬ 
ory  becomes  dose  to  that  desired.  The  sise  of  the  increments  is  then 
decreased  in  successive  steps,  until  the  accuracy  criterion  is  met.  The 
path  angle  at  the  sphere  of  influence  can  he  calculated  from  the  para>- 
meters  of  the  desired  trajectory. 

The  trajectory  selected  for  the  starting  point  has  an  energy  content 
represented  by 

V"  -  C  (137) 

In  general  the  energy  content  of  a  trajectory  would  be  represented  by 

v  *  -  _L  -  w”*-  fL 

IMP  -  A  “  V  PL  (13g) 

and  the  desired  trajectory  has 

'ixF  ~  Xen“  f*XKI  (139) 

which  is  leas  than  that  of  the  starting  trajectory.  The  perlcenter 
velocity  for  the  starting  trajectory  will  be 


vo = V  +  4  =  V  Vr!  +  y, 


xk. 


Tor  the  initial  iteration  it  will  be  decreased  in  a  series  of  steps  by 
an  increment  of  CVc  -  (V0-VaJ.')/3  .  Boring  each  step  the  value  of 

at  the  sphere  of  Influence  is  calculated  by  the  equations: 


(141) 

(142) 


Tor  the  starting  trajectory,  AV=V-V;  will  be  positive,  and  as 
decreases  with  each  successive  trial  AV  will  eventually  become 
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negative.  After  a  negative  value  ie  obtained,  the  process  will  he 
terminated  if  AV  is  less  in  magnitude  than  VL|M  .  If  AV  is  larger,  a 
new  series  of  steps  is  performed  starting  with  the  V0  that  immediately 
proceeded  the  one  that  caused  AV  to  he  negative.  Also  the  increment 
is  decreased  to  one-tenth  the  previous  increment.  This  iteration 
procedure  in  continued  until  |av)4  Vum  ,  and  then  the  initial-condition 
path  angle  is  computed  from  the  parameters  of  the  final  trial  trajectory: 

4  =  ircsin  (i£v)  <143) 

This  value  is  the  only  output  parameter  to  the  main  program. 

Subroutine  REFOP  T.  The  subroutine  REFOP  T  is  basically  the  same  as 
Program  7.  The  initial  conditions  which  hare  been  determined  in  the 
main  program  are  input  to  this  subprogram,  which  determines  the  optimum 
correction  to  make  at  the  sphere  of  influence.  The  details  of  the 
subroutine  are  not  described  here  as  most  of  them  would  be  repetitions 
of  those  for  Program  7;  only  the  differences  between  the  two  programs 
will  be  noted.  The  flow  chart  is  on  page  6l. 

Many  of  the  constants,  such  as  Vg  ,  Gc,  ,  etc., ere  written 
into  the  program  rather  than  being  entered  as  input  data.  Also,  some 
of  the  variables  have  been  more  conveniently  named  (i.e.  F,  &  Fz  for 
ODVT  A  OOOVT,  etc.).  But,  the  most  significant  changes  are  in  the  in- 
put  and  output  to  the  subprogram. 

Since  the  subprogram  does  not  generate  its  own  conditions,  as  does 
Program  7,  and  single  set  of  initial  conditions  is  entered  from  the  main  ' 

program.  The  input  arguments  from  the  main  program  to  the  subroutine 

«•»  Vr  :  ^i2,  *1  j  >  *ma xj  P£a  • 


6o 


GA./Phy«/6}-5,6 


GA/Phys/63-5,6 


output  arguments  to  the  main  program  from  the  subroutine  are  the 
optimum  reference  trajectory  parameters:  I/A,  f?a,*ndAV  (at  the 
sphere  of  Influence) .  In  addition  the  subprogram  writes  out  the 
following  parameters:  £VT>  ^o»  A,  ^ ^  j  ® &  • 

Subroutine  QPTSE^.  The  subroutine  OPTSEQ,  utilises  the  concept 
of  dynamic  programming  In  a  similar  manner  as  Program  5.  Its  purpose 
is  to  calculate  the  optimum  sequence  of  corrections  when  each  correc¬ 
tion  is  in  error.  The  flow  chart  for  this  subprogram  Is  on  pg.  63, 
and  may  be  of  help  in  understanding  the  program,  which  contains  many 
loops  and  therefore  tends  to  be  quite  confusing. 

The  input  arguments  from  the  main  program  are:  the  reference- 
trajectory  parameters;  RIHl  l?o8,  Mft,  and  <AK  ;  the  selected 
tolerance  limit,  Rum  the  correction  error  angle,  &<£•,  the  inner-or- 
outer-error  indicator,  XZ  ;  the  theoretical  optimum  impulse, 
and  AV  at  the  sphere  of  influence.  The  subroutine  also  reads  input 
data  cL  and  nL  ,  the  limits  on  the  number  of  correction  radii  and  on 
the  number  of  corrections. 

The  first  step  in  this  subroutine  is  to  call  Subroutine  BKADC. 

This  subroutine  calculates  and  stores  in  memory  a  table  of  information 
for  each  correction  radius.  Since  the  table  contains  information  sfalch 
is  used  many  times  in  the  program,  a  large  amount  of  time  is  saved  by 
calculating  each  item  once  and  storing  the  information  for  later  use. 
Por  each  possible  correction  radius  the  table  contains  the  reference 
trajectory  parameters  R,  V^,  and  PE2a;  and  also  the  H  for  a 

trajectory  which  has  been  corrected  at  that  particular  radius  (in  other 
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words,  for  the  trajectory  that  makes  an  angle  of  Spf  with  the  reference 
trajectory.  This  trajectory  is  illustrated  in  Fig.  13;  Htis  the 
angular  momentum  of  trajectory  #2.  If  a  correction  is  made  at  Rz  , 
regardless  of  what  the  previous  trajectory  was,  the  conditions  after 
correction  will  he  those  corresponding  to  trajectory  #2.  The  angular 
orientation  of  the  radius  vector  in  space  is  immaterial;  therefore,  any 
of  the  points  3.1»  4.2,  or  5.3  can  he  rotated  to  coincide  with  point 
2.0.  The  angle  which  the  corrected  trajectory  makes  with  the  reference 
trajectory  immediately  following  a  correction  will  always  he  $><{>  . 

The  concept  of  "Dynamic  Programming"  and  the  "Principle  of 
Optimality"  (Ref.  1:1?)  are  now  utilized  to  determine  the  optimum 
sequence  of  corrections.  A m  applied  to  this  particular  problem,  the 
Principle  of  Optimality  can  he  described  in  the  following  manner. 
Regardless  of  how  the  spacecraft  arrives  at  any  particular  radial 
distance  along  the  trajectory,  from  that  point  on  the  trajectory  must 
he  optimum,  if  the  overall  trajectory  is  to  he  optimum.  The  significance 
of  this  statement  becomes  more  apparent  when  a  concrete  example  Is  used. 
In  Fig.  13  the  first  few  possible  correction  radii,  positions,  and  tra¬ 
jectories  are  shown.  If  in  some  manner  the  spacecraft  arrives  at  point 
3.0,  due  to  error  it  will  take  Traj.  #3,  it  must  take  the  optimum  path 
from  3.0  to  orbit.  There  are  two  possibilities: 

(la)  continuing  on  Traj.  #3  to  perlcenter  (3.2)  end  injecting  into 
circular  orbit  of  radius  Rasi  or, 

(2a)  correcting  at  R2  ,  and  taking  Traj.  #2  to  perlcenter  (2.1) 
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and  injecting  into  an  orbit  of  R^g. 

For  the  sake  of  example,  consider  the  case  where  the  sum  of  the  two 
impulses  of  case  (2)  is  less  than  the  single  orbital-injection  impulse 
for  case  (1).  How  consider  the  next  point  out  on  the  reference  tra¬ 
jectory;  from  the  point  4.0  the  optimum  would  be  chosen  from  three 
possible  paths; 

< 

(lb)  continuing  without  a  correction  to  pericenter  and 
injecting  into  orbit  (4,1  — ►  4,2) , 

(2b)  correcting  at  R^(  to  Traj.  #3)  •  and  continuing  to 
pericenter  (4.1-^3.0-*>*3.2) ,  or 
(3b)  correcting  at  Rj  and  at  PSZ  and  continuing  to  pericenter 
on  Traj.  #2  (4.1-S-3.0  -s-3.1  — 2.0-*»2.1) . 

But  both  of  the  latter  two  paths  go  through  point  3.0  and  the  optimum 
from  point  3.0  has  already  been  found  as  case  (2a).  Therefore,  case 
(2b)  need  not  be  considered  at  all  since  it  imbodies  case  (la)  which  is 
known  not  to  be  optimum.  The  optimum  for  a  trajectory  starting  at  4.0 
can  be  determined  as  either  case  (lb)  or(3b).  This  type  selection 
process  is  the  essence  of  dynamic  programming. 

In  actual  application,  the  calculations  are  started  at  the  point 
2.0  and  the  trajectory  origin  is  then  moved  outward  to  3.0,  4.0,  etc.;  * 

but,  only  one-step  corrections  are  considered  on  the  first  phase  of 
the  calculations.  In  the  example  of  Fig.  13»  only  the  Trajectories 
numbered  1  to  5  would  be  acceptable  as  one-stage  trajectories,  since 
Traj,  #6  lies  outside  the  allowable  range.  The  program  would  consider 
the  trajectories  up  to  #6,  but  when  it  found  #6  unacceptable  it  would 
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discord.  It  and  start  the  next  phase  of  the  calculations. 

Next,  a  similar  process  would  he  used  for  two-stage  corrections. 
However,  this  time  the  results  of  the  previous  phase  are  used.  The 
starting  point  this  time  will  he  point  }.0  (since  the  only  trajectory 
allowed  from  point  2.0  is  a  one-stage  trajectory).  The  only  allowed 
path  will  he  3.0 — *-3.1 — 2.0  —#-2.1,  for  which  the  impulse  can  he 
obtained  hy  adding  the  impulse  correction  at  R4  to  the  single-stage 
impulse  which  was  determined  for  point  2.0  in  the  last  phase  of 
calculations.  The  origin  of  the  trajectory  is  moved  to  point  4.0, 
and  the  optimum  two-stage  trajectory  ie  selected  from  two  possibilities: 
(lc)  4.0  — 4.1  — e  3.0,  and 
(2c)  4.0  — w  4.2  — *■  2.0 

The  impulse  sums  for  these  paths  may  he  determined  hy  adding  the  one- 
stage  impulses  for  trajectories  from  points  3.0  and  2.0  to  the  corre¬ 
sponding  impulses  necessary  to  correct  from  TraJ.  #4  to  the  reference 
trajectory  at  those  points.  The  minimum  sum  is  stored  as  the  optimum 
two-stage  Impulse  for  origin  4.0.  Along  with  this  is  stored  the  optimal 
policy:  each  oorreotlon  radius  for  the  optimum  path. 

The  following  notation  is  assumed  for  brevity: 

71  — the  number  of  corrections  in  the  current  phase 
of  calculations, 

F[(0  —the  optimum  impulse  sum  for  an  n-stage  correction  path 
originating  at  Rj  , 

—the  optimum  impulse  sum  for  an  (n-l)-stage  correction 
path  originating  at  Rj, 
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AV(i)~the  correction  necessary  at  on  Traj.  ft,  to 
attain  the  reference  trajectory. 

Using  this  notation,  the  optimum  for  trajectories  from  4.0,  described 
above,  is 


F,  64)  =  MIM  J 


+• 


for 


pa-ih 


4.0 


■4.2 


z.o 


■for  path  4.0  -*•  4.1  -f  3.0  -—3.2. 


(144) 


and  the  optimum  for  trajectories  originating  at  5.0  is 


F,  (3)  —  MIN  ^ 


Fa  (Z)  +  AV  (2) 
Fz  (  &  *  fxV  ( 

F2  <4')  +  ^V<4> 


In  general  then,  for  a  two- stage  correction  process 

Fj  (n)  *  AV(n) 

F,(n4I)  •+•  &V(iv*-l) 


F  (i)  =.  MIN 
[ft  +•  1  6  i  4  1 L  ] 


S  ; 

p, <£*-■)  m(lk-0 
vF2aK)  +  avccj 


(145) 


(146) 


where  iK  is  the  largest  t  for  which  a  one-stage  correction  is  acceptable; 
in  the  foregoing  example,  t^S-. 
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And  for  phages  of  calculations  with  it- great «r- than- two  stages,  the 
following  general  expression  holds: 


F,C)  s  MIN  F^Cn-M)  +  AV(h-m) 
Fa  (:L-i)  4-  AVt^-0 


where  »Lis  the  largest  possible  correction  radius  (the  radius  of  the 
sphere  of  influence) . 

Storage  of  the  optimal  policy  for  each  t  is  accomplished  lor 
transferlng  the  policy  corresponding  to  F^  of  the  optimal  case  and 
including  the  &  of  the  optimal  AV .  If  the  optimum  case  were  that 
of  (evk)  ,  the  optimal  policy  would  he  that  of  t^n+k^plus  the 
radius  . 

The  last  computation  step  of  any  phase  will  he  for  F,(i.}  ,  which 
is  the  Impulse  sum  for  the  optimum  trajectory  starting  at  the  sphere  of 
Influence  and  containing  n  subsequent  corrections.  (If  the  correction 
at  the  sphere  of  influence  is  Included,  the  total  number  of  correction 
will  he  n+l  )  This  value,  along  with  its  optimal  policy,  is  written  out 
since  it  is  the  desired  result.  The  program,  therefore,  will  write  out 
the  optimal  decision  for  each  of  n  phases  of  cosiputations.  The  output 
values  can  he  compared  to  determine  the  most  desirable  number  of  cor¬ 
rections. 

After  each  phase  of  the  calculations  is  completed  the  (n-l) -stage 
tables  are  no  longer  needed.  Therefore,  they  are  replaced  by  the  n-stage 
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optimal  table  In  preparation  for  the  computation  of  the  (n+l)-stage 
table  (i.e.  Fa). 

The  memory  storage  requirements  for  the  optimal  tables  limit  the 
number  of  correction  radii  that  can  be  considered.  For  each  correction 
radius,  the  computer  must  allow  ten  storage  positions  for  the  optimal- 
policy  radii  (if  ten  is  the  maximum  number  of  corrections  allowed  for 
the  sequence)  plus  one  position  for  the  impulse  sum.  But,  this  is  only 
for  one  table;  since  both  the  ^  and  the  tables  must  be  stored,  each 
radius  required  22  storage  positions  for  the  optimal  tables  alone.  In 
addition  to  this,  each  radius  will  have  its  table  of  parameters.  Which 
requires  five  positions.  Therefore,  the  storage  tables  for  1000  cor¬ 
rection  radii  would  require  27,000  positions,  and  this  does  not  allow 
for  what  the  remainder  of  the  program  will  require.  Because  of  the 
etorage  requlrementa  and  to  decrease  the  running  time,  this  program  was 
run  with  100  correction  stations. 

The  actual  calculations  in  the  program  are  divided  into  two  sections: 
first,  for  n  =  l,  and  secondly,  for  ns£-or-more.  The  n  =  1  calculations 
are  in  turn  split,  since  inner  and  outer  analyses  required  some  ellgitly 
different  calculations.  The  calculations  for  n=l  are  listed  below  and 
should  be  easy  to  follow  from  the  previous  discussions. 


(148) 

f?0*  ACe-0 

(149) 

(150) 
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(151) 

(152) 


F  as  V  -  V 

z  vo  ve 

The  calculations  for  n«2-or-more  hare  also  heen  diecueeed  previously; 
they  are 


*i = are"H^v)  (153) 

Notes  V.sV  .  since  A,sV.  (eoepg.74)  (15^) 

i  Rj  R  J 

A?4  ~  ^<2  (!55) 

v«sV('5i«A^  ^56) 

VL4S  V-.cos  ^57) 

R4 


AV 


LG 


v„-  V 


LS 


(15«) 


'euj 


AV  = 

= 

W 


sirs  © 

Av  +  r2(^ 

Min  t  Ft-1 


(159) 

(160) 

(161) 

(162) 


The  final  Impulse  sum  must  include  the  initial  correction  at  the  sphere 
of  influence,  Fc  . 

fopt  *  •VS.5  +  Fc 


(163) 
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This  sum  is  normalized  by  AV*for  output. 

The  data  which  are  written  out  hy  this  subroutine  are  possible 
one-stage  correction  policies  end  the  optimum  policies  for  all  n 
stages. 

Subroutine  5M13X .  The  subroutine  3KAH3C  generates  the  correction 
radius  grid  and  also  the  reference  trajectory  parameters  for  each  grid 
point.  The  flow  dia^am  for  this  sub-program  is  on  pg  73.  The  input 
arguments  from  Subroutine  OPTSE^  to  the  Subroutine  BMifflt  are  C^_  , 

Rin  •  ,  and  6^.  (  R^here  is  equivalent  to  RoR)  . 

The  correct ioiwradius  grid  is  not  composed  of  equally  Bpaced  radii, 
since  previous  programs  indicated  that  few  corrections  are  desirable 
during  the  first  half  of  the  incoming  trajectory  and  most  of  them  are 
likely  to  be  made  during  the  last  part  of  the  trajectory.  Therefore 
a  geometrical  progression  of  radii  is  used,  so  that  the  relationship 
between  consecutive  radii, 


is  computed  from  the  equation 


since  there  are  ('u-0  intervals  between  the  ‘L  radii.  Since  R 
reserved  as  the  orbital  radius,  the  radius  ^ld  starts  with 
The  actual  calculations  are  quite  familiar  ty  now. 


(165) 

is 


(166) 

(167) 
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Since  it  iB  assumed  that  only  the  path  angle  is  in  error, 
V  =  VR 
¥  =  <?*R  +  $¥ 

A  =  }  and 

H  _  SI  r\¥> 
hR  -Si'tn  ^ 


(163) 

(169) 

(170) 

(171) 

(172) 


The  program  contains  a  test  for  sines  greater  than  one  because 


eligitly  greater  values  were  found  for  the  pericenter  position,  due  to 


sllgit  errors  or  inaccurraciea  in  rounding  off  in  calculations. 


The  output  to  OPTSIQ,  from  HMA3X  is  the  grid  of  parameters  ¥&  » 
H  ,  VR,  and  PE2,  for  each  R,  ;  while  the  written  output  consists  of 
each  R  with  its  corresponding  ¥fa  ,  and  W  , 
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VI.  Linear  Perturbation  Analysis 
of  Error  Effects 


Purpose 

This  analysis  Is  an  approach  to  the  determination  of  the  effect 
that  small  errors  have  upon  the  various  trajectory  parameters.  This 
investigation  contains  some  features  which  are  similar  to  those  used 
by  Dr.  Traenkle  in  his  analysis.  The  same  sinusoidal  error  con¬ 
figuration  is  considered,  but  the  approach  and  results  of  the  analysis 
are  different.  The  concern  here  la  primarily  with  mathematical 
relationships,  while  l>r.  Traenkle* s  analysis  is  based  somewhat  on 
geometrical  considerations. 

In  addition  to  providing  a  comparison  or  verification  of  what 
has  been  previously  done,  this  study  will  ultimately  provide  critera 
for  determining  the  optimum  direction  of  corrections,  not  only  for 
minimising  the  error  in  orbital  radius,  but  also  for  error  in  impulse 
required  at  the  orbit. 

general  Analysis 

In  general,  it  is  assumed  that  there  is  no  error  in  the  position 
of  the  spacecraft,  and  that  the  only  errors  Involved  are  in  the  velocity 
vector.  The  errors  are  defined  as  SVt  the  error  in  the  velocity  magni¬ 
tude,  and  &+,  the  error  in  path  angle.  These  errors  are  assumed  to  be 
small  enough  that  a  linear  perturbation  analysis  is  valid. 

The  velocity  vector  perturbations  Include  corresponding  error 
perturbations  in  the  parameters  of  the  trajectory.  The  velocity  magnl- 
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tude  at  any  point  on  the  resulting  trajectory  will  he  V  »VR-t*SV£ 
where  is  the  reference  or  error-free  trajectory.  Similarly, 

and  the  other  parametere  of  the  trajectory  will  he  de¬ 
fined  in  the  same  manner,  i.e.  A  =  A„+SA. 

The  quantities  R.  ,  V*. ,  and  ^  are  given.  Prom  these  AR, 
and  can  he  calculated. 


A.= 


RV*s»n<^ 


The  perturbation  quantities  are  found  from  these  equations. 
SA  a  -  =  -2V-*A*SV  ,  or 

(VM) 

^  as  -2V4A-5V  . 

A.  *  * 


SH  s  RV^cos^S^  R  SVsin^R 

=  «a  ("Id,  *  §¥)  , 

f=  «■**'*  • 


or 


2e*  Se  = 


2H,SH 

Ar 

i* 


_U  SA  _  gjj,2-/  SH  _  SA  \ 

"  A„  VHa  2aJ  ’ 


ifJr  ^  +''.a.«k) 


(178) 

(179) 

(180) 

(181) 

(182) 

(183) 

(183a) 

(184) 

(185) 

(186) 


76 


GA/Phys/6>-5»6 


Since 


Se  =  ^T"  [Cot^  ♦  ^(,+A*v«) 


e2  - 1 
A  r  e*  1 


(l86a) 


(187) 


It 

The  reference  orbital  radius  is  Ro*  =  AR(eR-|)  ;  therefore,  the 
perturbation  &(?0  is  calculated  as  follows: 

£R0=  SA(eR-l)  4-  Ar£«  3  (188) 

and  when  the  values  of  SA/AR and  fee  from  above  are  substituted  the 
equation  becomes 

fef^s  feV(eR-l)  4.  AB(S^-)[cot4^+^(|  +  ARVRzj  (189 

-  [e*iS4  *a(,+v$j|  -2A 

*  **T {“^  +  ['  -A«v*(^t  -'|  ’• 


,  v2^  L 

*  ‘  yf  ’ 


|Ro 

*0*. 


(189 

(190 


Y  i 


V0%  =  j-  +  ■—  ~  + 


ea.4-1 


so 


ar  Ron  aR  A*0»R-i)  ARCeB>'’0 


(190a) 

(191) 

(192) 


Since  the  square  of  the  velocity  at  pericenter  of  the  trajectory  is 
V*  =  e«  ± 1  _  estl 

*■  A*V)  %ok.  (193) 

the  perturbation  in  V0ft_  can  be  found  as  follows: 

2V„«  8V .s  _  Se  e*+l 

oa.  o  5^£ -  -  ■= - r — •-=-  ) 


'■©a. 


soH 


"©»  ^OB. 


(194) 
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SVe  _  Sc  _  SRp  >  gB->- 1 

Vo*.  ^Ysfc^oit  V0J  R0* 


v«8or=  (e*+-0  •  (196) 

Therefore, 

6V0  _  6e  _  W,  (197) 

Veg  ~  Z(t^\)  2  (?o* 

When  Eqs.  (136a)  and  (190a)  are  substituted  into  Eq..  (197).  the  equation 
'becomes 

*“('-§)]  (198) 

'£{**<>* ♦  |[-^(«.-i)A.Vj  *(V0^^]J  (198d 

*  i;  [<«»-0A«v,*- 1]  -  Sjij-  (19S1) 

°r  [■«?-'] --***}  • 

The  impulee  necessary  to  inject  into  a  curcular  orbit  at  the  pericenter 
of  the  reference  trajectory  is  AV0(l=  VOR-V'CR  a  V0|l  —  I  /R0*_  .  8114 

the  perturbation  is 

$AV=  SVa  +  b  (200) 

and 

SAV0  _  SV0  ^  1  ^  _  SVp  #  ^  201) 

VoR  ^OR^OS,  Ron  VoR  f?oR 


78 


GA./Phy  •/ 63-5, 6 


After  substitution  of  B^b.  (190a)  and(l99)  involving  the  perturbation 
SVC  and  8Re,  the  following  expressions  are  obtained: 


eR4l  _  HRCaB4Q 


Hf 


-  ollbft  r '  v 

.  /  •  A  V 


'or  } 


Therefore, 


'r  =  =  Aa(eg-i>  and  A^e^-O 

Vr(Ror--^)  +  W-|] 


t>AVa_  l 

W  «ft 


o»C  £  '  K,  U  Of*’ 

and  Wo  I  f  §V  f"  V^(H*7l)  +  jl  +  co^  ^  l 

W')  M  v  L  ww-o  J  Y«  rj 


(203) 

(204) 

(205) 

(206) 


The  co  can  also  be  determined  in  terms  of 
of  the  trajectory. 

“d 

Therefore, 


R  RVn 


0*  yoR 
RV„ 


the  other  parameters 

(207) 
(  208) 

(209) 
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Sinusoidal  ErrorB 

If  a  sinusoidal  possibility  of  error  is  assumed  (Ref.  5- 14  )» 
where  is  a  small  angle  as  shown  in  Fig.  15,  the  following 
approximations  can  be  made: 


COS  S/  | 

(ao) 

sv  *  W0S@ 

(ai) 

~  s^cos© 

Vr  Vr 

(212) 

CZ,  Sin  S</ 

^  Vesm  Sin© 

V„  +  8V 

(213) 

%4  ts  ^!ss>sm© 

va 

(214) 

Extremes  of  the  Ferturbat ions 

When  the  expressions  for  and  SV/Vft  in  Eqs.  (2l4)  and 
(2L2)  are  inserted  in  Eqs.  (lg4),  (186a),  (192),  (199).  and  (206),  the 
equations  below  result: 

—  =  j  Sin  Q  +  CoS 0  (215) 

Ho  V*  L  -I 

be  -  co-t^Ri-cos@(l  +  AK\42j  (216) 

va  e*  L 

•^  =  T755  P*"6 “^e  +  "'Ofevl-O]  (as) 

'OR  'RCR 


I 


80 


GA/Phys/63-5.6 


and 


6VC 


wu 


_  =  Vsa?  (si 

W 


Sih&Co^^L  +•  cos© 


(Hg-  0 

Vor(V0„-|) 


(219) 


The  two  perturbations  of  primary  concern  are  Sf?0  and  SAV£>  .  To 
determine  where  their  extremes  lie  with  respect  to  the  error  angle,  ©  , 
Eqs.  (219)  ami  (217)  are  differentiated  twice  with  respect  to  0  . 
Since  the  reference  conditions  do  not  vary  with  0,  the  other  factors 
on  the  left  side  of  the  equations  will  not  affect  the  positions  of  the 
extremes.  The  first  derivative  is  set  to  aero  to  determine  the  extreme 
condition,  and  the  second  derivative  is  evaluated  at  that  point  to  de¬ 
termine  the  nature  of  the  extreme. 

First  the  error  in  AV0  is  considered. 


dd 

and 


r  ’ 

-  Vew» 

> 

5 

_ 1 

v»«t 

-Un  e  =  „£°*  ria  - 
Vs  (Hrl) ,  | 

Vor  (\«r  '5 


[&r  -I 


Vk 


+  1 


=  0 


(220) 


vw*  fHs-1) 


*  <■-*) 


+  1 


(221) 


The  quantities  V„,  VCRR  ,  V0R,  and  coi  9^  are  always  taken  positive  by 
convention,  and  also  V0(t>l  =  VC0  .  If  AR(e£-0  >  I  ,  then 

.  For  trajectories  which  do  not  intersect  that 
planet's  surface,  Rs*l  <  R0*  =  A„(eR-l)  ,  and  A„(e|-  1^  >  A^Ce^-l)  , 
since  ef>l  for  hyperbolic  paths.  The  second  derivative  is 


$ 

SS* 


sav0 


WV> 


_  ^ga*  _ 
Vr®r 


5in  0  cot^u  —  cos  Q 


Vn(Hft-t)  ■ 


LVV0 


(222) 
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In  this  case  the  tangent  of  Qv  will  he  positive  and  ©v  oust  he  a  lBt 
or  quadrant  an^Le,  When  0V  is  in  the  first  quadrant,  the  sine 
and  cosine  are  both  positive  and  the  second  derivative  is  always 
negative;  the  extreme  is  a  maximum.  On  the  other  hand,  when  both 
the  cosine  and  sine  are  negative  for  a  third  quadrant  angle,  tba  second 
derivative  will  always  he  positive  and  the  perturbation  is  a  minimum 
(or  maximum  negative  value). 

Cases  of  less  concern  could  possible  occur,  if  trajectories  which 
intersect  the  planet  surface  are  considered.  When  H0<| ,  so  that 
(W^-l)<0,  and  the  tangent  of  Qy  migit  be  negative.  In  thie  case, 
would  be  a  2nd  or  4th  quadrant  angle.  If  ©v  is  a  second  quadrant  angle 
the  cosine  is  negative  and  the  sine  is  positive;  therefore,  both  terms 
in  the  second  derivative  will  be  negative.  This  follows  from  the  fact 
that  co±<^R  is  positive  and  the  quantity  in  the  brackets  of  the  second 
term  is  negative.  A  maximum  perturbation  must  occur  when  ©v  is  a 
second  quadrant  angle.  The  opposite  is  true  for  a  fourth  quadrant 
angLe—  the  second  derivative  is  positive  and  the  perturbation  is  a 
minimum. 

When  the  same  procedure  is  followed  for  the  perturbation  in  PQ  the 
following  1b  obtained; 


(223) 

(224) 


* 
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and  tinea  VR  <  VQR  ,  f|  -  )  >  0  »  the  tanS®nt  of  1b  alwairB 

positive  and  ©R  it  a  lBt  or  3rd  quadrant  angle.  The  second  derivative 

-f  (S^\_  Vree  (e«+0r_s-mdca^  -cos©/,— 

l  v0*/ 


as*\R<* 


(225) 


and  will  always  have  a  negative  value  for  first  quadrant  angles  and 
positive  for  third  quadrant  angLes.  Therefore  both  ©v  and  are  lBt 
quadrant  angles  for  conditions  of  maximum  pertur  hat  ions  in  and  , 
respectively. 


Theoretical  Optimum  Reference  Trajectory 

If  the  theoretical  optimum  trajectory  la  assumed  aa  the  reference 
trajectory,  the  parameters  become 


f?  -  JL. 

TNp 

(226) 

AVa4  =  av*  =  % 

(227) 

Ar=  ttt 
"inf 

(228) 

^a.  VINF 

(229) 

®R=  3 

(230) 

/inf 

(231) 

where  VIMr  is  the  velocity  at  infinity  for  the  trajectory.  Substi¬ 
tution  of  these  expressions  into  Bqs.  (221)  and  (224)  yields 
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Q>^=  a  rcian-| 


=.  arcian  J 


r  2  t'/2 

/gVfcVW\  j 

UVF  )  J 


['-it©! 


and 


©v  s  art-tari' 


|VRViiViNp)2,  J 

Vz 

KjtfSSM  JT 

“v  p) 

1 

"a 

=  artian 


[>MsWP  j'4- 


y»*-  (2V2—W)  f  ,| 

'imp  „ 


(232) 


(232a) 


(233) 


(233a) 


where  0*.  and  0y  cause  maximum  perturbations  if  the  angles  are  in  the 
first  quadrant,  and  minimum  if  they  are  in  the  third  quadrant.  If  the 
direction  of  minimum  perturbation  is  interpreted  in  a  sli^itly  different 
light,  it  is  the  best  possible  direction  for  a  correction  of  a  given  magni¬ 
tude,  since  it  gives  the  maximum  negative  change  in  the  trajectory  parameter. 

Programs  9  and  10.  Two  sets  of  numerical  examples  for  ©v  and 
were  computed  for  various  conditions.  Program  9  was  used  to  compute  those 
angles  for  various  radial  distances  along  the  theoretical  optimum  tra¬ 
jectory,  while  Program  10  was  used  to  compute  the  an^es  ©v  and  0 ^ 
for  various  path  angles  at  the  sphere  of  influence.  The  data  used,  in 
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both  ca»e8,  was  for  the  Mars  H- trajectory,  and  the  results  are  given  in 
Chapter  VII.  Since  the  equations  used  in  the  programs  have  already  been 
fully  explained,  the  details  of  the  program  are  not  given  here  and  the 
programs  themselves  are  included  in  Appendix  B. 


85 


OA/Phys/63-5,6 


VII.  Discussion  of  Results 

The  results  of  both  Part  I  and  Part  II  of  the  thesis  are  described  and 
compared  in  this  chapter.  The  numerical  values  used  for  the  initial 

velocities  in  all  cases  were  obtained  from  page  7  of  the  appendix  of  * 

Reference  2. 

The  first  portion  of  this  chapter  discusses  the  results  of  four 
topics.  The  first  is  the  sphere-of  influence- entry  error.  The  second 
topic  is  constant  magnitude  corrective  impulse  for  a  specified  orbital 
radius.  The  third  topic  is  the  variable  magnitude  corrective  impulse 
for  a  specified  orbital  radius,  and  the  fourth  topic  is  the  outbound 
position  and  velocity  errors  at  the  sphere  of  influence  due  to  an  error 
velocity  at  injection. 

The  second  portion  of  this  chapter  is  concerned  with  the  results 
from  correction  methods  which  allow  a  range  of  orbits.  This  section  also 
contains  comparisons  of  these  results  with  those  for  fixed-orbit  cor¬ 
rection  methods. 

Trajectory  Parameters  for  Part  I 

Tables  IV  through  VII  give  the  computed  trajectory  parameters  for 
the  32  cases  studied.  The  perlcenter  correction  impulse,  AVp  ,  is  also  , 

listed  in  these  tables  as  a  percent  of  both  the  relative  velocity  at  the 
sphere  of  influence  and  of  the  basic  velocity  sum. 
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Table  IV 


Venusian  Reference  Trajectory  Constants 


Trajectory**  & 
Types  b 

e* 

or 

r,* 

H-opt 

20.7 

3.00 

7.31 

1.46 

68.44 

35.76 

E- close 

4.16 

1.15 

7.31 

1.10 

116.5 

60. 84 

A-  opt 

3.03 

3.00 

1.07 

2.14 

70. a 

38.88 

hr  Close 

1.89 

2.03 

1.07 

1.10 

72.49 

4o.l4 

C-opt 

.858 

3.00 

.303 

.606 

* 

* 

C-  close 

1.37 

4.63 

.303 

1.10 

71.92 

48.94 

D-opt 

10.9 

3.00 

3.86 

7.71 

69.02 

25.40 

D- close 

-3.11 

1.28 

3.86 

1.10 

34.44 _ 

Table  V 

Martian  Reference  Trajectory  Constants 

Tt£r.rr  ^  g  ■?« 


»*opt  5.20  3.00  1.84  3.68  70.25  33.26 

E-close  2.29  1.60  1.84  1.10  78.60  37. a 

.778  3.00  .275  .550  •  * 

inclose  1.35  5.00  .275  1.10  72.36  31.03 

B-opt  .355  3.00  .126  .251  *  * 

B-dose  1.22  9.77  .126  1.10  77.16  40.81 

C-opt  .112  3.00  .039  .079  *  * 

■S-.<ft°»«-.*.l4 _ 28.9  .039  1.10  84.45  53.22 


*  No  runs  were  made  since  Ip  was  less  than  the  surface  radius 


87 


OA/Fhys/63-5.6 


Table  71 


Venue-Return  Reference  Trajectory  Constante 


Trajectory  7/? 

Tyres  ® 

e' 

a* 

ZK 

rr 

fr* 

H-opt 

30.2 

3.00 

10.7 

21.4 

67.62 

32.29 

H- close 

4.35 

1.10 

10.7 

1.05 

136.3 

65.34 

A- opt 

5.56 

3.00 

1.97 

3.93 

70.10 

31.29 

A- close 

2.29 

1.53 

1.97 

1.05 

30.31 

35.24 

C-opt 

4.67 

3.00 

1.65 

3.31 

70.24 

22.44 

C- close 

2.14 

1.64 

1.65 

1.05 

77.69 

24.32 

I- opt 

4.2* 

3.00 

1.50 

3.oo 

70.32 

44.47 

E- close 

2.06 

1.70 

1.50 

1.05 

76.42 

43.29 

Table  VIII 


Mare-Return  Reference  Trajectory  Constants 


Trajectory  7* 

Types  ® 

e* 

s* 

^  f 

<F* 

H-opt 

21.7 

3.00 

7.67 

15.3 

68.51 

36.07 

H-close 

4.15 

1.14 

7.67 

1.05 

120.9 

63.67 

A- opt 

2.15 

3.oo 

.761 

1.52 

70.56 

40.30 

A- close 

1.64 

2.32 

.761 

1.05 

71.25 

40.69 

B-opt 

2.22 

3.00 

.784 

1.57 

70.47 

33.19 

E-close 

1.66 

2.34 

.784 

1.05 

71.62 

33.57 

C-opt 

1.60 

3.00 

.  566 

1.13 

70.34 

26.01 

C-cloee 

-1.51 

2.86 

.  566 

1.05 

m mSm 

26.02 
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Sphere  of  Influence  Entry  Error 

The  velocity  corrections  required  at  the  sphere  of  influence  to 
redirect  the  spacecraft's  velocity  vector  to  the  reference  velocity 
vector  become  increasingly  larger  as  varies  from  0*to  ±90°.  The 
magnitude  of  correction  at  +90*  is  very  large;  the  range  is  from  50.3$ 
to  95. 8$  of  the  basic  velocity  sum.  For  - 90 *,  the  correction  requires 
an  impulse  from  53. 8 $  to  96.6^  of  the  basic  velocity  sum.  Even  at 

!Om  (except  for  Venus  H-opt.)  the  impulse  required  is  from  4$  to 
12$  of  the  basic  velocity  sum.  The  reason  that  Venus  H-Optimum  is 
excluded  is  that  41*  f  7 °  ,so  the  error  at-flO°  1b  small.  In  order 
to  keep  the  percentage  below  two  percent  of  the  basic  velocity  sum,  4L 
must  be  kept  within  2°  to  3°  of  the  reference  value.  The  largest 
allowable  error  for  a  2$  error  is  3.1°  in  the  case  of  the  Venus  trar- 
Jectory,  class  D-Opt.  The  midcourBe  maneuvers,  therefore,  must  guide 
the  spacecraft  accurately  enough  to  have  it  enter  the  sphere  of  in¬ 
fluence  so  that  is  within  two  or  three  degrees  of^£  .  In  most  cases, 
is  less  than  two  dsgrses  for  Venusian  trajectories,  less  than  one 
degree  for  Martian  trajectories,  and  less  than  one  and  a  half  degrees  for 
return  trajectories  at  Earth.  Roughly  then,  the  spacecraft's  relative 
velocity  vector  oust  be  directed  at  the  target  planet  as  it  enters  the 
sphere  of  influence.  The  required  collision  parameters  for  each  trar- 
Jectory  are  listed  in  Tables  IV  throu^i  VII. 

Constant  Magnitude  Corrective  Impulse 

listed  in  Table  VIII  are  the  corrective  velocity  impulse  sums  In 
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percent  of  the  basic  velocity  sum  for  an  error  velocity  of 
Si fe~o.oo/¥/  .  In  Appendix  A,  the  values  for  the  corrective 
velocity  impulse  sums  for  Sl/£  equal  to  1004,  75%  WK  25*5,  104  of 

0.00141  are  listed  for  a  unit  error  velocity.  The  results  for  sv£ 
equal  to  1004  of  0.00l4l  are  all  very  encouraging  since  no  percentage 
is  above  5^  and  many  are  considerable  less.  Even  more  interesting  are 
the  magnitudes  of  the  corrective  velocity  impulse  sums  for  a  unit  error 
velocity.  For  the  optimal  trajectory  cases,  the  sums  are  between  1.77 
and  4.80.  For  the  close  trajectory  cases,  the  sums  are  between  4.63  end 
5.78.  The  larger  spread  for  the  optimal  trajectory  caBes  results  from 
the  differences  in  the  optimal  orbital  radii.  The  larger  the  optimal 
orbital  radius,  the  smaller  are  the  corrective  velocity  sumB.  For  any 
given  orbital  radius,  the  corrective  velocity  sums  are  very  nearly  equal 
for  all  three  planets.  The  optimal  correction  sequence,  therefore,  seemB 
to  produce  a  relatively  constant  velocity  sum  depending  mostly  on  the 
reference  orbital  radius  chosen. 

If  the  error  velocity  is  less  than  0.00l4l,  the  correction  sequence 
does  not  change  other  than  some  of  the  later  correction  maneuvers  are  not 
needed.  The  ranges  at  which  the  corrections  are  made  do  not  change  much 
at  all;  only  the  number  required  becomes  increasingly  smaller  as  the  error 
velocity  decreases.  This  conclusion  is  drawn  from  the  fact  that  the  re¬ 
duction  number  (erroneously  labeled  reduction  factor  in  the  computer  out¬ 
put  in  Appendix  A)  for  the  five  variation  of  for  each  initial  con¬ 
dition  are  almost  identical.  For  any  proposed  space  mission,  the  chosen 
reference  trajectory  can  be  investigated  and  an  optimal  correction 
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Table  VIII 

Corrective  Velocity  Impulse  Sum  in  Percent  of  Basic  Velocity  Sum 


Venus 

Mars 

Class 

n 

Vel.  Sum 

Class 

n 

i>  Vel.  Sum 

E-out 

i 

i.4o 

H-opt 

— 5 — 

2.99 

H- close 

10 

5714 

3 

3.01 

9 

4.13 

4 

3.11 

S 

4.20 

3 

3.44 

7 

4.29 

2 

4.57 

6 

4.4g 

H-dose 

12 

04 

A- opt 

4 

1.12 

11 

4.35 

3 

1.15 

10 

4.39 

2 

1.34 

9 

4.46 

1 

2.70 

z 

4.52 

A- close 

9 

l.t>3 

A- close 

11 

1.42 

z 

1.63 

10 

1.42 

7 

1.66 

9 

1.42 

6 

1.71 

z 

1.44 

_  5 

l.SO 

7 

1.4? 

C-  close 

8 

1.00 

B- close 

10 

1.14 

7 

1.01 

9 

1.14 

6 

1.02 

s 

1.15 

5 

1.06 

7 

1.17 

4 

-  1.15 

6 

1.22 

D-opt 

2 

0.94 

C-close 

9 

.712 

1 

1.07 

8 

.713 

O-dose 

10 

2.11 

7 

.720 

9 

2.11 

6 

.740 

s 

2.13 

5 

.779 

7 

2. IS 

6 

2.26 
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(Table  VIII  cont.) 


Venus-Return  Mare-Return 


Class 

n 

#  Vel.  Sum 

Claes 

n 

'1  Vel.  Sum 

H-opt 

i 

1.49 

B-opt 

2 

“1.60 

R-close 

is 

4.55 

1 

1.71 

11 

4.56 

H-cloBe 

12 

4!  29 

10 

4.60 

11 

4.30 

9 

4.67 

10 

4.33 

s 

4.79 

9 

4.39 

A- opt 

3 

1.02 

s 

4.50 

2 

1.11 

A- opt 

rfo5 

1 

1.87 

5 

1.07 

A-close 

11 

1.83 

4 

1.12 

10 

l.g4 

3 

1.24 

9 

1.86 

2 

1.67 

8 

1.90 

A-close 

11 

1.42 

7 

1.96 

10 

1.42 

C-opt 

4 

9 

1.43 

3 

.705 

8 

1.45 

2 

.790 

7 

1.49 

1 

1.44 

B-opt 

6 

.880 

C- close 

11 

1.20 

5 

.886 

10 

1.20 

4 

•  917 

9 

1.21 

3 

1.01 

8 

1.24 

2 

1.35 

7 

1.28 

BP  close 

11 

1.19 

D-opt 

4 

1.34 

10 

1.19 

3 

1.37 

9 

1.20 

2 

1.56 

8 

1.21 

1 

2.98 

.  7 

1.25 

Inclose 

11 

2.25 

C-opt 

8 

.705 

10 

2.26 

7 

.711 

9 

2.28 

6 

.728 

g 

2.32 

5 

.766 

7 

2.40 

4 

.846 

C- close 

10 

.782 

9 

.784 

8 

.734 

7 

.315 

6 

.854 

v 
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sequence  determined.  If  the  errorB  in  the  spacecraft's  systems  Bhould 
he  less  than  the  anticipated,  values,  the  same  sequence  would  he  used, 
hut  some  of  the  later  corrections  would  he  eliminated.  Once  a  correc¬ 
tion  is  made  accurately  enough  to  direct  the  spacecraft  to  within 
tolerable  limits,  no  more  corrections  need  he  made  and  the  sequence 
would  still  have  been  the  optimal  one.  The  optimum  reduction  number 
is  usually  very  close  to  0.6. 

A  check  was  made  on  the  time  interval  between  correction  positions 
to  determine  if  there  would  be  sufficient  time  to  make  necessary 
measurements.  In  the  cases  where  ten  or  more  corrections  had  to  be 
made,  the  last  time  interval  is  less  than  ten  minutes.  If  this  time 
difference  is  minimum,  then  a  correction  sequence  which  is  less  than 
optimum  would  have  to  be  used.  The  optimum,  however,  is  quite  flat  and 
only  a  very  small  increase  would  be  required  to  reduce  the  number  of 
corrections  to  75$  of  optimum.  If  the  number  of  corrections  for  Mars, 
class- A- close,  is  reduced  from  11  to  8,  the  change  in  percent  of  the 
basic  velocity  sum  is  0.02. 

A  smell  error  in  the  computation  of  the  times  was  introduced  be¬ 
cause  the  vs  range  plots  were  assumed  to  be  straight  lines  which 
passed  throu^i  the  abscissa  at  r ~  fy*  .  In  the  case  illustrated  in 
Pig.  16  this  assumption  is  reasonably  accurate,  but  the  case  illustra- 
ted  in  Pig.  17  is  perceptably  in  error.  The  curve  should  pass  through 
14.6  on  the  abscissa,  tut  it  actually  passes  through  8.  The  case  in 
Pig.17  represents  the  worst  deviation  of  all  the  solutions.  The  case 
in  Pig.  16,  however,  is  much  more  representative  of  the  majority  of 
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solutions. 

Variable  Magnitude  Corrective  Impulse 

When  X  is  varied  as  well  as  n,  the  optimal  sequence  does  not 
change  appreciably.  In  fact,  in  4  out  of  the  6  cases  the  results  are 
identical.  The  most  probable  reason  that  all  the  cases  do  not  exactly 
agree  is  that  the  limited  number  of  correction  positions  do  not  allow 
the  optimum  case  to  be  found.  Five-hundred  equally  spaced  range 
positions  were  used,  but  in  order  to  more  closely  approach  the  true 
optimum  a  thousand,  or  more  would  be  needed.  In  the  case  of  MarB,  Class- 
H-close,  an  increment  aa  small  as  0.457  planet  radius  is  needed,  but  with 
500  correction  positions  the  increment  is  0.621  planet  radius.  Every 
indication  is  that  a  fixed  X  or  constant  magnitude  corrective  impulse 
sequence  is  truly  the  optimum.  All  the  conclusions  drawn  from  that 
analysis,  therefore,  are  general.  Also,  the  computer  time  required  for 
the  fixed  X  solutions  ia  very  ouch  leas  than  for  the  variable  X  solutions. 
A  large  savings  in  computer  expenses  ia  obtained  through  the  use  of  the 
constant  X  technique. 

Outbound  Velocity  and  Position  Error 

The  resultant  error  velocity  at  the  sphere  of  influence  plots  as 
an  ellipse.  (Fig.  IS  and  19) .  The  error  velocities  are  quite  small 
and  would  require  a  corrective  impulse  which  is  equal  to  or  less  than 
the  corrective  velocity  sum  of  the  optimal  corrective  sequence  of  the 
inbound  leg.  The  position  error  is  usually  onr  or  two  olanet  radii;  the 
largest  error  is  less  than  eight  planet  radii.  Since  the  sphere  of  in- 
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fluence  is  the  cross-over  point  between  the  outbound  leg  in  the  local 
gravity  field  and  the  midcourse  leg  in  heliocentric  apace,  theee  errore 
should  be  judged  with  respect  to  the  latter  region.  A  few  planet  radii 
hardly  measureable  in  heliocentric  space  and  this  error  may  be  igiored. 
Whether  to  correct  the  velocity  error  at  this  point  must  be  based  on  a 
midcourse  evaluation.  The  resultant  error  velocity  is  even  a  smaller 
percentage  with  respect  to  the  heliocentric  referenced  velocity  since 
Vi  •  or  V2  is  always  greater  than  AV,  or  AVj  .  In  an  event,  the 
errors  are  quite  small  and  only  a  modest  corrective  velocity  impulse 
will  be  required  to  correct  the  velocity  error  if  it  ie  done  at  the  sphere 
of  influence. 

One-Stage  Correction  with  Orbital  Range 

The  resulte  of  Program  7  are  given  on  pages  100  to  106  ,  and 
Include  seven  sets  of  data:  five  sets  are  for  the  Mars  R-Trajectory, 
which  is  used  as  a  primary  reference  for  comparlsone  in  thie  section, 
one  for  the  Mars  A- Trajectory,  and  one  for  the  Venus  K-Trajectory.  The 
Mare-I  data  aets,  except  for  set  (4),  all  allow  an  orbital-range  of 
M£eRq6:6.I  ;  they  are  described  as  follows: 

(1)  Initial  path  angles  from  -90°  to  90°  in  increments  of  ten 
degrees,  are  used  to  examine  the  effects  of  large  error  angles; 

(2)  More  realistic  errors  are  examined  with  path  angles  from  -10°  to 

10°,  in  increments  of  one  degree; 

(3)  Path  angles  from  0°  to  2°,  in  increments  of  one-tenth  of  a 
degree,  show  the  effects  of  very  small  errors; 
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(4)  a  fixed  orbital  radius,  R0»  F?*  ,  ia  Head  at  a  basis  for 
comparison  of  fixed  vs.  varylng-orbit  analyses;  and  the  path 
angles  are  the  same  as  the  following  set; 

(5)  Path  angles  varying  up  to  10°  on  either  aide  of  the  theoretical 
option*  reference  trajectory  are  considered  in  one  degree  steps 
for  both  fixed  and  variable  orbits. 

Both  the  Mara-A  and  the  Venue- H  data  contain  one  set  of  angles  varying 

from  -90°  to  90°  increments  of  one  degree.  Bach  number  in  the  data  is 

followed  by  N£"  and  two  digits  which  Indicate  the  proper  position  of  the 

-2. 

decimal,  i.e.  0.1000B-02s 0.1000(10)  . 

The  three  trajectory  classes  discussed  here  were  selected  to  serve 
as  examples  because  they  included  theoretical  optimum  radii  which  lay 
within,  inside  of,  and  outside  of  the  allowable  radius  range.  In 
addition  to  these  examples,  five  other  classes  of  trajectories  were 
analysed  by  Program  7  and  are  on  pages  274  through  284  of  .Appendix  B. 
The  other  classes  are  the  Mars  B  and  C  trajectories  and  the  Venus  D,  A, 
and  C  trajectories.  Other  sets  of  data  for  the  Mars  H  and  A  trajectories 
and  for  the  Tonus  R  trajectory  are  also  included  in  Appendix  B. 

Comparison  of  One-Stage  Correction  Methods 

As  stated  previously,  when  the  initial-path-angLe  error  is  large, 
the  magnitude  of  the  Impulse  for  correction  to  the  theoretical  optimum 
trajectory  is  very  large.  At  least  this  is  true  when  only  the  path  angle 
is  oorrected  and  the  magnitude  of  the  velocity  remains  unchanged. 

Vow  consider  a  correction  where  only  the  orbital  radius  remains 
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OPTIMUM  2— STAGE  TRAJECTORY 


GA/PHYS/63-5,6 
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fixed  and  the  other  trajectory  parameter*  are  allowed  to  vary  to  give  a 
minimum  impulse  sum.  A  saving  in  Impulse  can  he  realised  over  the 
previous  case.  This  is  shown  in  Table  IX,  in  which  the  AVs  are  the 
percentage  of  Increase  in  impulse  over  the  single  theoretical  impulse. 

The  data  has  been  taken  from  Programs  1  and  7  for  the  Mars-B-Trajectory. 
The  table  shows  that  there  is  a  considerable  savings  for  large  angles — 
as  ouch  as  116.73  of  the  theoretical  optimum  value,  for  a  90°  path  angle. 
Of  course,  this  path  angle  is  not  very  realistic,  but  there  is  still  a 
saving  of  7.43  for  a  10°  path  angle,  which  would  be  about  9.1°  in  error. 
The  results  for  smaller  variations  of  path  angle  are  shown  in  Table  X. 

When  the  orbital  radius  as  well  as  the  other  trajectory  parameters 
are  allowed  to  vary  (l.l  4.  4:6.1) ,  and  additional  saving  in  impulse  can 

be  realised.  This  is  also  shown  in  Table  IX.  The  saving  here  again  is 
significant  for  a  90°  path  angle,  £.2$,  while  the  additional  savings  for 
a  10°  path  angle  is  only  1.23.  The  total  savings  at  9O0  is  then  124.93 
which  is  41.63  of  the  Basic  Telocity  Bum.  The  total  savings  of  8.63  for 
a  10°  path  angle  is  2.93  of  the  Basic  Telocity  Sum.  Table  X  shows  a 
similar  trend  for  smaller  path  angles;  the  total  savings  for  2°  path 
angle  (1.1°  error)  is  1.73  of  the  theoretical  optimum  Impulse  or  about 
0.63  of  the  Basic  Telocity  Sum.  In  Table  XI,  comparisons  are  made  for 
the  Mars  X  and  Tenus  E  trajectories,  where  only  the  total  savings,  &  is 
shown.  Small  negative  values  of  A  occur  in  a  few  places  in  Tables  X  and 
XI.  This  is  contrary  to  what  should  be  expected.  But  it  can  be  explained 
as  a  result  of  the  inaccuracies  in  the  numerical  analysis.  This  illus- 
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Table  H 

Comparison  of  Single-Stage 
Correction  Methods  for 
Large  Path  Angles 

Mars  E-Trajectory 


AV, 

AVZ 

AV3 

A, 

A* 

90° 

1.995 

.828 

.746 

1.167 

.082 

30° 

1.811 

.802 

.720 

1.009 

.082 

70° 

1.613 

.770 

.690 

.843 

.080 

60° 

1.402 

.716 

.642 

.686 

.074 

50° 

1.181 

.642 

.576 

.539 

.066 

4o° 

.951 

.548 

.'+92 

.403 

.056 

30° 

.714 

.434 

.390 

.280 

.044 

20° 

.474 

.301 

.272 

.173 

.029 

10° 

.225 

.151 

.139 

.074 

.012 

0° 

.023 

.016 

.016 

.007 

.000 

-10° 

.271 

.183 

.177 

.098 

.006 

-20° 

.517 

.333 

.311 

.184 

.022 

-30° 

.759 

.465 

.429 

.294 

.036 

-4o° 

.995 

.579 

.531 

.4i6 

.048 

-5°® 

1.223 

.674 

.615 

.5% 

.059 

-60° 

1.442 

.748 

.681 

.694 

.067 

-700 

1.650 

.801 

.729 

.849 

.072 

-30° 

1.846 

.834 

.759 

I.012 

.075 

pm 

2.028 

.860 

•7«5 

I.168 

•075 _ 

Legend: 


AV,  — Impulse  for  fixed  trajectory  (Program  l) 
—  Impulse  for  fixed  orbit  (Program  7) 
Impulse  of  variable  orbit  (Program  7) 

A  ,  =  AY,  -  AVa 
Az  =  Avg  -  AV3 
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Table  X 

Comparison  of  Single-Stage 
Correction  Methods  for 
Small  Path  Angles 

Mars  H- Trajectory 


* 

av, 

AVk 

av3 

A, 

^2. 

10° 

.225 

.151 

.139 

.074 

.012 

9° 

.200 

.135 

.124 

.065 

.011 

8° 

.176 

.119 

.110 

.057 

.009 

t 

.151 

.103 

.096 

.048 

.007 

6° 

.126 

.086 

.081 

.040 

.005 

5° 

.101 

.070 

.066 

.031 

,oo4 

4° 

.076 

.053 

.050 

.023 

.003 

£ 

.052 

.036 

.034 

.016 

.002 

2° 

.026 

.019 

.018 

.007 

.001 

1° 

.018 

.002 

.001 

.016 

.001 

0° 

.023 

.016 

.016 

.007 

.000 

-  1° 

.048 

.033 

.033 

.015 

.000 

-  2° 

.073 

.050 

.051 

.023 

-  .001 

-  3® 

.098 

.068 

.068 

.030 

.000 

-  4° 

.122 

.084 

.084 

.038 

.000 

-  f0 

.147 

.101 

.100 

,o46 

.001 

-  6° 

.172 

.118 

.117 

.054 

.001 

-  7° 

.197 

.134 

.132 

.063 

.002 

-  8° 

.221 

.151 

.147 

.070 

.004 

-  9® 

* 

.167 

.163 

- 

.004 

-10° 

.271 

.183 

.177 

.098 

„  .006 

*  Talus  not  computed  by  program. 
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Table  XI 


Other  Comparisons 
of  Single-Stage  Correction 
Impulses 

Mars  A-Trajectory  Venas  H-Trajectory 


4 

AV, 

AV, 

A 

AV, 

AV, 

A 

90° 

1.949 

.530 

1.410 

1.950 

.828 

1.122 

80° 

1.771 

.529 

1.242 

1.749 

.757 

.992 

J°o 

1.580 

.51.3 

1.067 

1.534 

.689 

.845 

6o° 

1.376 

.488 

.888 

1.309 

.625 

.684 

50° 

1.162 

.454 

.703 

1.073 

.551 

.522 

4o° 

.939 

.410 

.529 

.829 

.456 

.373 

30° 

.709 

.358 

.351 

.578 

.342 

.236 

20° 

.474 

.277 

.197 

.323 

.209 

.114 

10° 

.235 

.158 

.077 

.066 

.058 

.008 

0° 

.006 

.028 

-  .022 

.192 

.107 

.085 

-10° 

.247 

.165 

.082 

.448 

.283 

.165 

-20° 

.485 

.285 

.200 

.701 

.434 

.267 

-3°° 

.720 

.371 

.349 

.948 

.567 

.381 

-4o° 

.950 

.425 

.525 

1.119 

.681 

.438 

-50° 

1.172 

.469 

.703 

1.420 

.776 

.644 

-6o° 

1.386 

.503 

.883 

1.64o 

.852 

.788 

-70° 

1.589 

.529 

1.060 

1.849 

.922 

.921 

-80° 

1.780 

.544 

1.236 

2.042 

.990 

1.052 

-90° 

1.957 

.554 

1.403 

2.221 

1.054 

1.167 

&A/Phy  e/63-5, 6 


trates  a  point  discueeed  previously  on  page  46,  where  the  need  for  a 
very  tight  convergence  criteria  was  discussed.  Apparently  at  least 
(lO)-5  should  he  used  as  a  criteria. 

Optimum  Correct  ion  Sequence  with  Orhial  Range 

The  results  of  Program  S  are  given  on  pages  112.  through  129  . 

The  impulse  totals,  desi&iated  K)PT  1,  FOPT  2, — POPT  10,  optimums  for 
each  number  of  correction  stages  from  one  to  ten.  The  correction  radii 
are  number  outward  from  the  orbit,  l.e.  RC  1  is  the  radius  of  final  orbit 
and  RC  2  is  the  next  correction  out  from  the  orbit.  The  subscripts,  which 
are  shown  only  on  page  119  ,  indicate  the  number,} of  the  radii  in  the 
possible-correction  grid.  Therefore  RC-^2,  RCg03,  RCgQ4  represents  a 
geometrically  spaced  correction  sequence.  For  case  where  FOPT  1  is  very 
large  (approx.  10^),  no  single  correction  is  possible  for  the  prescribed 
orbital  range. 

The  results  Include  three  Mars  H-Trajectory  analyses,  plus  one  Mars 
A  and  two  Venus  H  problems.  One  of  the  Mars  H  programs  was  run  with  a 
fixed  orbital  radius  to  compare  with  the  varying  orbit  cases.  The  other 
two  were  run  to  oo spare  the  effects  of  errors  of  different  magnitudes. 

The  first  of  these  programs  used  1.5$  of  the  reference  velocities  for  all 
errors,  while  the  second  had  a  10$  initial  error,  followed  by  1.5$  correc¬ 
tion  errors.  This  case  tacitly  assumes  that  terminal  guidance  will  be 
more  accurate  than  midcourae  guidance,  since  there  are  better  spatial 
references  available  and  lest  distance  is  traveled  between  corrections. 

The  Kara  A  and  the  Venue  H  problems  also  contain  1 .5$  errors.  The 
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OPTIMUM  MARS  H-TRAJECTORY  FOR  ORBIT  R0=3.670 

INPUT  DATA 

G=  O.I080E-00  VIN  =  0.8900E-G1  RIN=  0.3260E  03 

RS=  0.5300E  00  VERR  =  0.1500E-0!  VRERR=  0.1500E-0I 


LOCAL  NORMALIZATION  DATA 

VCSIK/S)-  0.3573E  01  RS!K)=  0.3376E  04 
V  I N ( NORM )=  0.7424E  00  F  I  ER  =  0.1500E-01  DELF I =  0.1500E-01 


THEORETICAL  OPTIMUM  TRAJECTORY 

ROX=  0.3670E  01  DVX  =  0.5220E  00  FIX=  0.1583E-01 

ROX ( K  )  =  0.1239E  05DVX(K/S)=  0.1865E  01  F I  X ( D ) =  0.9071E  00 


INPUT  DATA 

RGR  =  0.3670E  01  RMAX=  0.3670E  01  RMIN=  0.3670E  01 
RERR=  0.1000E-00 


OPTIMUM  REFERENCE  TRAJECTORY  VALUES 

ROR=  0.3670E  01  FIIN=  0.1583E-01  FIIN(D)*  0.9071E  00 


OUTER  ERROR  ANALYSIS 

RL I  M=  0.3937E  01  VI=  0.7424E  00  F 1 1  =  0.3083E-01 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( D ) =  0.9139E  00  P  S 1 1 0  )  =  0.2260E  03 THE  TA(D)=-0.4419E  02 
DV T  =  0.1015E  01  D V0=  0.9850E  00  DV=  0.2991E-01 

R0=  0.3670E  01  A=  0.1891E  01  H=  0.3803E  01 

EC=  0.2940E  01 


INNER  ERROR  ANALYSIS 

RL I M=  0.3403E  01  VI=  0.7424E  00  FII=  0.8339E-03 


REFERENCE  TRAJECTORY  PARAMETERS 

FI ( D ) =  0.9139E  00  PSI(D)=  0.1354E  03THE  TA ( D ) =  0.4464E  02 

DVT=  0.1015E  01  DVO=  0.9850E  00  DV=  0.3014E-01 

R0=  0.3670E  01  A=  0.1891E  01  H=  0.3803E  01 

EC=  0.2940E  01 
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GA/PHYS/63-5, 6 


OPTIMUM  MARS  H-TRAJECTORY  FOR  ORBIT  R0=3.67O 


N-CORRECT ION  IMPULSE  TOTALS 
OUTER  ERRORS 


FOPT 

1=  0.1897E 

07 

RCO  = 

0. 

FOPT 

2=  0.1445E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0.1 74  IE 

02 

RC 

FOPT 

3=  0.I203E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0 . 1 741t 

02 

RC 

3  = 

0.7533E 

02 

KC 

FOPT 

4=  0.II88E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0. 1741E 

02 

RC 

3= 

0.4552C 

02 

RC 

4=  0.1191E 

03 

RC 

FOPT 

5=  0.1195E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0.1741C 

02 

RC 

3= 

0.362  IE 

02 

RC 

4=  0.7533E 

02 

RC 

5= 

0.1567E 

03 

RC 

FOPT 

6=  0.1209E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0.1741E 

02 

RC 

3  = 

0.3156E 

02 

RC 

4=  0.5723E 

02 

RC 

5= 

0.1038E 

03 

RC 

6  = 

0.1882b 

03 

RC 

FOPT 

7=  0.1226E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0.1741E 

02 

RC 

3= 

0.2880E 

02 

RC 

4=  0.4766E 

02 

RC 

5  = 

0.7886E 

02 

RC 

6  = 

0.1305b 

03 

RC 

7=  0.2062E 

03 

RC 

FOPT 

8=  0.1245E 

01 

RC 

1=  0 . 393  IE 

01 

RC 

2  = 

0.1741E 

02 

RC 

3  = 

0.2751E 

02 

RC 

4=  0.4349E 

02 

RC 

5  = 

0.6566E 

02 

RC 

6  = 

0.9914E 

02 

RC 

7=  0.1497E 

03 

RC 

8  = 

0.2260E 

03 

RC 

FOPT 

9=  0.1264E 

01 

RC 

1=  0.3931E 

01 

RC 

2  = 

0.  1741E 

02 

RC 

3= 

0.2751E 

02 

RC 

4=  0.4154E 

02 

RC 

5  = 

0.5992E 

02 

RC 

6  = 

0.8642b 

02 

RC 

7=  0.1246E 

03 

RC 

8= 

0.1717E 

03 

RC 

9  = 

0.2366E 

03 

RC 

FOPT 

10=  0.1284E 

01 

RC 

1=  0.3931E 

01 

RC 

2= 

0 . 174 IE 

02 

RC 

3  = 

0.2628b 

02 

RC 

4=  0.3791E 

02 

RC 

5  = 

0.5467E 

02 

RC 

6  = 

0.7533b 

02 

RC 

7=  0.1038E 

03 

RC 

8  = 

0.1430E 

03 

RC 

9  = 

0.1882E 

03 

RC 

10=  0.2477t 

03 

RC 
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GA/PHYS/63-5,6 


OPTIMUM  MARS  H- TRAJECTORY  FOR  ORBIT  R0=3.670 

N-CGRKECT ION  IMPULSE  TOTALS 
INNER  ERRORS 


FOPT 

1=  0. 1897E 

07 

FOPT 

2=  Q.1414E 

01 

RC 

1=  0.34 10E 

01 

FOPT 

3=  0.1202E 

01 

RC 

1=  0.3410E 

01 

RC 

FOPT 

4=  0 • 1 188  E 

01 

RC 

1=  0.3410E 

01 

RC 

4=  0.1246E 

03 

FOPT 

5=  0.1195E 

01 

RC 

1=  0.3410E 

01 

RC 

4=  0.7533E 

02 

FOPT 

6=  0.1210E 

01 

RC 

1=  0.3410E 

01 

RC 

4=  0.5723E 

02 

RC 

FOPT 

7=  0.1227E 

01 

RC 

1=  0.3410E 

01 

RC 

4=  0.4989E 

02 

RC 

7=  0.2062E 

03 

FOPT 

8=  0.1245E 

01 

RC 

1=  0.3410E 

01 

RC 

4=  0.4349E 

02 

RC 

7=  0.1497E 

03 

FOPT 

9=  0.1265E 

01 

RC 

1=  0.3410E 

01 

RC 

4=  0.4154E 

02 

RC 

7=  0.1246E 

03 

RC 

FOPT  LO=  0.1285E  01 
RC  1=  0.341GE  01 
KC  4=  0 . 379 IE  02 
RC  7=  0.1033E  03 
RC  10=  0.2477E  03 


RCO=  0. 

RC  2=  0.1741E  02 


RC 

2=  0.1741E 

02 

RC 

2=  0.1741E 

02 

RC 

RC 

2=  0.1741E 

02 

RC 

5=  0.1567E 

03 

RC 

2=  0.1741E 

02 

RC 

5=  0.1038E 

03 

RC 

2=  0.1741E 

02 

RC 

5=  0.8255E 

02 

RC 

RC 

2=  0.1741E 

02 

RC 

5=  0.6566E 

02 

RC 

8=  0.2260E 

03 

RC 

2=  0 . 1 74  IE 

02 

RC 

5=  0.5992E 

02 

RC 

8=  0.1717E 

03 

RC 

2=  0. 1741E 

02 

RC 

5=  0.5467E 

02 

RC 

8=  0.1430E 

03 

RC 


RC 

RC  3=  0.7533E  02 


RC 

3=  0.4552E 

02 

RC 

3=  0.3621E 

02 

RC 

RC 

3=  0.3156E 

02 

RC 

6=  0.1882E 

03 

RC 

3=  0.3015E 

02 

RC 

6=  0.1305E 

03 

RC 

3=  0. 275  It 

02 

RC 

6=  0.9914E 

02 

RC 

RC 

3=  0.2751E 

02 

KC 

6=  0.8642E 

02 

RC 

9=  0.2366E 

03 

RC 

3=  0.2628E 

02 

RC 

6=  0.7533b 

02 

RC 

9=  0.1882E 

03 

GA/PHYS/63-5,6 


OPTIMUM  MARS  H-T  R  AJECTQRY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 
INPUT  DATA 

G=  0 . 1080E-0Q  V  IN  =  0.8900E-01  RIN=  0.3260E  03 

RS=  0.5300E  00  VERR  =  0.1500E-01  VRERR=  0.1500E-01 


LOCAL  NORMAL  IZA1  ION  DATA 

VCS{ K/S)  =  0.3573E  01  R S ( K ) =  0.3376E  04 
VIN( NORM ) =  0.7424E  00  F  I  ER=  0.1500E-01  DELF I =  0.1500E-01 


THCURET I  CAL  UPTIMUM  TRAJECTORY 

KOX  =  0.3670E  01  DVX  =  0.5220E  00  F I X=  0.1583E-01 

ROX ( K ) =  0.1239E  05DVX(K/S)=  0.1865E  01  F I  X ( D ) =  0.9071E  00 


INPUT  DATA 

KOR=  0.  RM  AX=  0.6100E  Cl  RMI  N=  O.UOOE  01 

RERR=  0.1000E-00 


OPTIMUM  REFERENCE  TRAJECTORY  VALUES 

ROR=  0.3670E  01  F I  IN  =  0.1583E-01  FIIN(D)*  0.9071E  00 


OUTER  ERROR  ANALYSIS 

RL IM=  0.6610E  01  VI=  0.7424E  00  FII=  0.3083E-01 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( 0 ) =  0.9745E  00  PSI(UI=  0.3364E  03THE TA ( D ) =-0. 1 54  IE  03 
DVT=  0.1014E  01  DVU=  0.1037E  01  DV=  0.4735E-01 

R0=  0.4239E  01  A=  0.1727E  01  H=  0.4241E  01 

EC=  0.3454E  01 


INNER  ERROR  ANALYSIS 

RLIM=  0.1090E  01  V 1 =  0.7424E  00  F  1  1 =  0.8335E-03 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( D ) =  0.8535E  00  P S I ( D ) =  0.4137E  03THE T A ( D ) *-0 . 2 3 36E  03 
CVT=  0.1015C  01  DVO=  0.1011E  01  DV=  0.2511E-01 

R0=  0.3461E  01  A=  0.1796E  01  H=  0.3643E  01 

EC=  0.2927E  01 
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GA/PHYS/63-5 , 6 

OPTIMUM  MARS  H-TRAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


N-CORRECT I  ON  IMPULSE  TOTALS 
OUTER  ERRORS 


EOPT 

1=  0.1897E 

07 

RCO=  0. 

FOPT 

2  =  0.1143E 

01 

KC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

FOPT 

3=  0.1162E 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.2391E 

03 

RC 

FOPT 

4=  0.1183E 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.2  093 E 

03 

RC 

4=  0.2612E 

03 

RC 

FOPT 

5=  0.1204E 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.2002E 

03 

RC 

4=  0.2391E 

03 

RC 

5=  0.2854E 

03 

RC 

FOPT 

6=  0.1226E 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.1915E 

03 

RC 

4=  0.2188E 

03 

RC 

5=  0.2499E 

03 

RC 

6=  0.2854E 

0  3 

RC 

FOPT 

7  =  0.1248E 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.1915L 

03 

RC 

4=  0.2188E 

03 

RC 

5=  0.2499E 

03 

RC 

6=  0.273GE 

03 

RC 

7=  0.2984E 

03 

RC 

FOPT 

8=  0.1270E 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.1915E 

03 

RC 

4=  0.2093E 

0  3 

RC 

5=  0.2287E 

03 

RC 

6=  0.2499E 

03 

RC 

7=  0.2730E 

03 

RC 

8=  0.2984E 

03 

RC 

FUPT 

9=  0.1292E 

01 

RC 

1=  0.6567b 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.1832E 

03 

RC 

4=  0.2002E 

03 

RC 

5=  0.21886 

03 

RC 

6=  0.2391E 

03 

RC 

7=  0.2612E 

03 

RC 

8=  0.2854E 

03 

RC 

9=  0.3119b 

03 

RC 

FUPT 

10=  0.1314C 

01 

RC 

1=  0.6567E 

01 

RC 

2=  0.1677E 

03 

RC 

3=  0.1632b 

03 

RC 

4=  0.2002E 

03 

RC 

5=  0.2188E 

03 

RC 

6=  0.2 39  IE 

03 

RC 

7=  0.2612E 

03 

RC 

8=  0.2854E 

03 

RC 

9=  0.2984E 

03 

RC 

10=  0.3U9E 

03 

RC 

GA/PHYS/63-5 ,6 

OPTIMUM  MARS  H-TRAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


N-CCJRRECT  ICN  IMPULSE  TOTALS 
INNER  ERRORS 


t-QPT 

1=  0 . 1 897 1 

07 

RCO=  0. 

FOPT 

2=  0.1130C 

01 

RC 

1=  0.1982b 

01 

RC 

2=  0.1022b 

03 

RC 

FOPT 

3=  0.1137E 

01 

RC 

1=  0.2158b 

01 

RC 

2=  0.8896E 

02 

RC 

3  = 

0.1  703.; 

03 

RC 

FOPT 

4=  0.11 54t 

01 

RC 

1=  0.2264b 

01 

RC 

2=  0.8106b 

02 

RC 

3  = 

0.1289E 

03 

RC 

4=  0.2050E 

03 

RC 

FOPT 

5=  0.1174E 

01 

RC 

1=  0.2264E 

01 

RC 

2=  0.8108b 

02 

RC 

3  = 

0.1173b 

03 

RC 

4-  0.1703E 

03 

RC 

5=  0.2356b 

03 

RC 

FOPT 

6=  0.1194E 

01 

RC 

1=  0.2314b 

01 

RC 

2=  0 . 774  IE 

02 

RC 

3  = 

0.1071b 

03 

RC 

4=  0.1415E 

03 

RC 

5=  0.1869E 

03 

RC 

6  = 

0.2468b 

03 

RC 

FOPT 

7=  0.1215E 

01 

RC 

1=  0.2314E 

01 

RC 

2=  0 . 774  IE 

02 

RC 

3  = 

0. 1022E 

03 

RC 

4=  0.1289E 

03 

RC 

5=  0.1626E 

03 

RC 

6= 

0.2050b 

03 

RC 

7=  0.2585E 

03 

RC 

FOPT 

0=  0.1236E 

01 

RC 

1=  0.2314b 

01 

RC 

2=  0.7741b 

02 

RC 

3  = 

0.9761E 

02 

RC 

4=  0.1231E 

03 

RC 

5=  0.1552b 

03 

RC 

6  = 

0.1869E 

03 

RC 

7=  0.2249E 

03 

RC 

8=  0.2708b 

03 

RC 

FOPT 

9=  0.1257b 

01 

RC 

1=  0.2361E 

01 

RC 

2=  0.7390E 

02 

RC 

3  = 

0.9319b 

02 

RC 

4=  0. 1122b 

03 

RC 

5=  0.1 35  IE 

03 

RC 

6= 

0.1626E 

03 

RC 

7=  0.1957E 

03 

RC 

8=  0.2356b 

03 

RC 

9= 

0.2837E 

03 

RC 

FOPT 

10=  0.1278b 

01 

RC 

1=  0.2361E 

01 

RC 

2=  0.7390b 

02 

RC 

3  = 

0.9319E 

02 

RC 

4=  0.1122E 

03 

RC 

5=  0.1351E 

03 

RC 

6= 

0.1626b 

03 

RC 

7=  0.1869E 

03 

RC 

8=  0.2147E 

03 

RC 

9= 

0.2468E 

03 

RC 

10=  0.2837E 

03 

RC 

U7 


GA/PhYS/63-5 ,6 


OPTIMUM  MARS  H-TRAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 
INPUT  DATA 

0=  0 . 108GE-00  VlN  =  0 . 890GE-01  RIN=  0.3260E  03 

RS=  0 . 6 3Q0t  00  VERR  =  O.ICOOE-OO  VRERR=  0.1500E-01 


LOCAL  NORMALIZATION  DATA 

VCS ( K / S  )  =  0.3673E  01  RS(K)=  u.3376t  04 
V  1 N ( NORM  )  =  0.7424E  00  FIER=  0.9967E-01  DELF I =  G.150uE-01 

V 

THcORLTICAL  optimum  trajectory 

ROX=  0.3670E  01  DVX  =  0.5220E  00  FIX=  G.1583E-01 

ROX ( K  )  =  0.1239E  05UVX(K/S)=  0.1865E  01  FIX(D>=  0.9071E  00 


INPUT  DATA 

RC)R=  0.  RM  AX  =  0.6100E  01  RMI  N=  0.1100C  01 

RERR  =  0.1000E-00 


OPTIMUM  REFERENCE  TRAJECTORY  VALUES 

ROR=  0.3670E  01  F I  IN =  0.1583E-01  F 1 1 N ( D ) =  C.90T1E  00 


OUTER  ERROR  ANALYSIS 

RL IM=  0.66 10E  01  VI=  0.7461E  00  F 1  I  =  G.1155E-00 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( D ) =  0.1246E  01  P  S I C  D ) =  0.2244E  03  THE  I A ( D ) =-0. 3779E  02 
CVT=  0.1096E  01  DVO=  0.9003t  00  DV=  0.1956E-00 

RU=  0.5239E  01  A=  0.2270E  01  H=  0.4739C  01 

EC=  0.3308E  01 


INNER  ERROR  ANALYSIS 

RL  I  M=  0.1090E  01  VI=  0. Z461E  00  F II =  -0. 8384L-0  l 


REFERENCE  TRAJECTORY  PARAMETERS 

F  I  ( D ) =  0.9984C  00  PSIIDI-  0.1272E  03THE  TA { D ) =  0.4799L  02 

DVT  =  0.1L03E  01  DVO=  0.9246E  00  DV=  0.1791C-00 

R0=  0.4017E  01  A=  0.2147E  01  H=  0.3903E  01 

EC=  0.2871E  01 
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GA/PHYS/63-5 ,6 

OPTIMUM  MAPS  li-TRAJECTORY  FOR  ORBITAL  RANGE 


l.l  TO  6.1  ‘ 


N-CORRECT ION  IMPULSE  TOTALS 
OUTER  ERRORS 


FOPT  1=  0.L897E 

07 

RCQ=  0. 

FOPT  2=  0.1170E 

01 

RC  1=  0.6576E 

01 

RC70  2  =  0.92  0  5E 

02 

RC 

FOPT  3=  0.1174E 

01 

i  RC  1=  0.6576E 

01 

RCW  2=  0.9205E 

02 

RC#f3  = 

0.1 7326 

03 

RC 

FOPT  4=  0.1190E 

01 

RC  1=  0.6576E 

01 

RC7<>  2=  0 .92056 

02 

RCa<>3  = 

0. 14036 

03 

RC9oA=  0.2139E 

03 

RC 

FOPT  5=  0.1208E 

01 

RC  1=  0. 65766 

01 

KC,0  2=  0.9205E 

02 

RC7B3  = 

0.1290C 

03 

RCW4=  0.1807E 

03 

RC^  5=  0.2427E 

93 

03 

RC 

FOPT  6=  0.1226E 

01 

RC  1=  0.65766 

01 

RCro  2=  0.92056 

02 

RC74  3  = 

0.11856 

03 

RC8a4=  0.1527E 

03 

RCm5=  0.1966E 

03 

RCM  6  = 

0.25326 

03 

RC 

FOPT  7=  0.12456 

01 

RC  1=  0.6576E 

01 

RC*,  2  =  0.9205E 

02 

RC*,  3  = 

0. 1185E 

03 

RC ai  4=  0.1464E 

03 

RCW  5=  0.1807E 

03 

RCS|  6 2 

0.22316 

03 

RCJfc  7=  0.2754E 

03 

RC 

FOPT  8  =  0.I264E 

01 

KC  1=  0.C576E 

01 

RCto  2-  0.9205E 

02 

RC78  3= 

0.11376 

03 

RC*,  4=  0.14036 

03 

RCB4.5=  0 . 1661E 

03 

RC  §*  6  = 

0.19666 

03 

RC9g7=  0.23276 

03 

80^8  =  0.2754E 

03 

RC 

FOPT  9=  0.12836 

01 

RC  1=  0.6576E 

01 

RC*,  2=  0.9205E 

02 

RC-is  3= 

0.1137E 

03 

RCrs  4=  0.1345E 

03 

RCjg  5=  0. 1592E 

03 

RCtr6= 

0.  1885E 

0  3 

RC9,7=  0.2231E 

03 

RC,+  8=  0.2532E 

03 

KC>79= 

0.28736 

03 

RC 

FOPT  10=  0.1302E 

01 

RC  1=  0.6576E 

01 

RCto  2=  0.9205E 

02 

RC7,  3= 

0.11376 

03 

RC„4=  0.1345E 

03 

RC-, 5=  0.1592E 

03 

RCM  6= 

0.18076 

03 

RC—  7=  0.2050E 

03 

RC#t8=  0.23276 

03 

RC»c9= 

0.2641E 

03 

RC^10=  0.2996E 

03 

RC 

U9 


GA/PHYS/63-5,6 

OPTIi  .L>.  MAk;>  n-TRAJECTOKY  FOR  GKOITAL  KA>GK  =1.1  TO  6.1 


N-CCRRbCTION  IMPULSE  TOTALS 
INNER  errors 


FORT 

1  = 

0 

. 1897C 

07 

i 

RCG  = 

FORT 

2  = 

0 

. 1183E 

01 

kC 

1  = 

0 

.  2  344E 

01 

RC 

2  = 

f'CJPT 

3  = 

0 

. 1193b 

01 

RC 

1  = 

0 

.2098 E 

01 

RC 

2  = 

KC 

FORT 

4  = 

0 

. 1209t 

01 

RC 

1  = 

0 

. 2655b 

01 

RC 

2  = 

KC 

4  = 

O' 

•2177E 

03 

KC 

FUPT 

5  = 

0 

.  1227b 

01 

RC 

1  = 

0 

.27  10E 

01 

RC 

2  = 

KC 

4  = 

0 

. 1740E 

03 

RC 

5  = 

t-OPT 

6  = 

0 

. 1246t 

01 

RC 

1  = 

0 

.27 10E 

01 

RC 

2  = 

RC 

4  = 

0 

•1521b 

03 

RC 

5  = 

RC 

FOPT 

7  = 

0 

. 1 265E 

01 

RC 

1  = 

0 

•2763b 

01 

RC 

2  = 

RC 

4  = 

0 

. 1390b 

03 

KC 

5  = 

KC 

7  = 

0 

.2724b 

03 

KC 

FOPI 

e= 

0 

.  1285E 

01 

KC 

i= 

0 

.2763c 

01 

RC 

2  = 

RC 

4  = 

0 

. 1329E 

03 

KC 

5= 

RC 

7  = 

0 

.2277b 

03 

RC 

8  = 

FOPT 

9  = 

0 

.  1304C 

01 

KC 

1  = 

0 

.27  63E 

01 

RC 

2  = 

RC 

4  = 

0 

.  1 2  7  lb 

03 

RC 

5= 

RC 

7  = 

0 

.2 177E 

03 

RC 

8  = 

RC 

FOPT 

10  = 

0 

.  1324F. 

01 

RC 

L  = 

0 

.2763b 

01 

RC 

2  = 

RC 

4  = 

0 

. 1 2 15E 

03 

KC 

5  = 

KC 

/  = 

0 

.  1903E 

03 

RC 

0  = 

RC 

10  = 

0 

.2849b 

03 

RC 

0. 


0.1162b 

03 

RC 

0.9709E 

02 

RC 

3=  0.1819E 

03 

0.9283E 

02 

RC 

3=  0.1454C 

03 

0.8876E 

02 

KC 

3=  0.1271b 

03 

0. 2  33  IE 

03 

RC 

0.8E76E 

02 

RC 

3=  0.1162b 

03 

0. 1990E 

03 

RC 

6=  0.2605b 

03 

0.B486E 

02 

RC 

3=  O.llllb 

03 

0.1740E 

03 

RC 

6=  0.217/E 

03 

0.8486C 

02 

KC 

3=  0.1062E 

03 

0.159CE 

03 

RC 

6=  0.1903E 

03 

0.2724E 

03 

RC 

0.8486b 

02 

RC 

3=  0.1062E 

03 

C.1521E 

03 

RC 

6=  0.1819E 

03 

0.2491b 

03 

RC 

9=  0.2849E 

03 

0.8486E 

02 

RC 

3=  0.1015E 

03 

0.1454E 

03 

RC 

6=  0.1663E 

03 

0.2177E 

03 

RC 

9=  0.2491E 

03 

GA/PHYS/63-5 ,6 


OPTIMUM  MARS  A-TRAJtCTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 
INPUT  DATA 

G=  0.1080E-00  V  I N  =  0.2290E-00  RIN=  0.3262,E  0  3 

RS  =  0.5300E  00  V'ERR  =  0.1500t-01  VRERR=  0.150UE-01 


LOCAL  NORMALIZATION  DATA 

VCS ( K / S  )  =  0.3573E  Cl  RS(K)=  0.3376b  04 
V  I N ( NORM  )  =  0.19IGE  01  FICR=  0.150GE-01  DELF I =  0.1500C-01 


THEORETICAL  OPTIMUM  1 RAJEC1GRY 

ROX=  0.8491b  00  DVX=  0.1350b  01  FIX=  0. 23000-02 

RGX ( K ) =  0.1854L  C4DVX(K/S>=  0.4821b  01  FIX(D)=  0.1364E-00 


INPUT  DATA 

ROR=  0.  RMAX  =  0.6100E  01  RM I  N=  O.IIOj'E  01 

RbRK=  O.lOOOb-OG 


OPTIMUM  REFERENCE  TRAJECTORY  VALUES 

ROK=  0.1100E  01  F  I  IN=  0.41 2 8E-02  F I  I N ( D ) =  0.2365E-00 


OUTER  ERROR  ANALYSIS 

RL I M=  0.6610E  01  VI=  0.1910E  01  F 1 1 =  0.1913E-01 


REFERENCE  TRAJECTORY  PARAMETERS 

F  I  ( D  )  =  0.2 380E-00  P S I ( D ) =  0.2169E  03THE TA(D ) =-0.  3576E  02 
UVT  =  0.1037E  01  DVQ=  0.1002E  01  DV=  0.3553E-01 

R0=  O.llOOE  01  A  =  0. 2860E-00  H=  0.2535b  01 

EC=  0.4847E  01 


INNER  ERROR  ANALYSIS 

RL I M=  0.1090E  01  VI=  0.1910E  01  F I  I =-0. 1087E-01 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( 0 ) =  0.2380E-00  PSI(D)=  0.1435E  03THE  T  A ( D ) =  0.3586E  02 

DVT=  0.1037E  01  DVO=  0.1002E  01  0V=  0.3557E-01 

RC)=  O.llOOE  01  A=  0 . 2860E-00  H=  0.2535E  01 

EC=  0.4847E  01 
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GA/PHYS/63-5,6 

OPTIMUM  MARS  A-TRAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


N-CURRECT  I  ON  IMPULSE  TOTALS 
OUTER  ERRORS 


ropT 

1=  0.1183E 

01 

P.  CO  =  0.5970E 

01 

EOPT 

2=  0.  L173C 

01 

RC 

1=  0.2906E 

01 

RC 

2=  0. 1215E 

03 

RC 

FOPT 

i=  0.1179E 

01 

RC 

L=  0 . 2  1  7  0 1 

01 

RC 

2=  0.7202E 

02 

RC 

3=  0.1532E 

03 

RC 

FOPT 

4=  0 . 1 1 9  2  E 

01 

RC 

1=  0.1948E 

01 

RC 

2=  0.5709E 

02 

RC 

3=  0.1020E 

03 

RC 

4=  0.1824E 

03 

RC 

FOPT 

5=  0.1209E 

01 

RC 

1=  0.1855E 

01 

RC 

2=  0.50836 

02 

RC 

3=  0,80896 

02 

RC 

4=  0.12876 

03 

RC 

5  =  0.2048E 

03 

RC 

FOPT 

6=  0.1227E 

01 

RC 

1=  0.1734E 

01 

RC 

2=  0.4270E 

02 

RC 

3=  0.6412c 

02 

RC 

4=  0.9628E 

02 

RC 

5=  0.1446E 

03 

RC 

6=  0.2171E 

03 

RC 

FOPT 

7  =  0.1246E 

01 

RC 

1=  0.1698E 

01 

RC 

2=  0.4029E 

02 

KC 

3=  0.5709E 

02 

RC 

4=  0.8089E 

02 

RC 

5  =  0.1146C 

03 

RC 

6=  0.1624E 

03 

RC 

7=  0.2301C 

03 

RC 

FOPT 

8=  0.1266E 

01 

RC 

1=  0.1698E 

01 

RC 

2=  0.4029E 

02 

RC 

3=  0.57096 

02 

RC 

4=  0./632E 

02 

KC 

5=  0 . 10  206 

03 

RC 

6=  0.1364E 

03 

RC 

7=  0.1824E 

03 

RC 

8=  0.2438E 

03 

RC 

FOP  1 

9=  0.1286E 

01 

RC 

1  =  0.16656 

01 

RC 

2=  0 .38026 

02 

KC 

3=  0.5063E 

02 

RC 

4=  0.6795E 

02 

RC 

5=  0 . 908bE 

02 

RC 

6=  0. 12 1 56 

03 

RC 

7  =  0.1624E 

03 

RC 

8=  0.2048E 

03 

RC 

9=  0.2564E 

03 

RC 

FOPT 

10=  0.1306E 

01 

RC 

1=  0.1665E 

01 

RC 

2=  0.3802E 

02 

RC 

3=  0.5083E 

02 

RC 

4=  0.6412E 

02 

RC 

5=  0.8089E 

02 

KC 

6=  0.1020E 

03 

RC 

7=  0.12876 

0  3 

RC 

8=  0.1624E 

03 

RC 

9=  0.2048E 

03 

RC 

10=  0.2584E 

03 

RC 

122 


ga/phys/63-5,6 

OPTIMUM  MAAS  A -TKA J  EC TO  AY  FOR  ORBITAL  RANGE  =  1 . 1  TO  6 . 1 

N-CURRECT I  ON  IMPULSE  TOTALS 
INNER  ERRORS 


FOPT 

1=  0.7336E  06 

RC0=  0. 

FOPT 

RC 

2=  0.3575b  01 

1=  0.U27E  01 

RC 

2=  0.3316E  01 

RC 

FOPT 

RC 

3-  0.2074b  01 

1=  0.1093E  01 

RC 

2=  C.1166E  01 

RC 

3=  0.1591E  02 

RC 

FOPT 

RC 

RC 

4=  0.1620E  01 

1=  0.1093E  01 

4=  0.3802E  02 

RC 

RC 

2=  0. 1166E  01 

RC 

3=  0.4433E  01 

FOPT 

RC 

RC 

5=  0.1496E  01 

1=  0.1093b  01 

4=  0.1261E  02 

RC 

RC 

2=  0.1166b  01 

5=  0.6412E  02 

RC 

RC 

3=  0.2629E  01 

FOPT 

RC 

RC 

6=  0.1452b  01 

1=  0.1G93E  01 

4=  0.6282E  01 

RC 

RC 

2=  0.1166E  01 

5=  0.2254E  02 

RC 

KC 

3=  0.1966t  01 
6=  0.B572C  02 

RC 

FOPT 

RC 

RC 

RC 

7=  0.1437b  01 

1 ~  0.1093b  01 
4=  0 . 3947t  01 
7=  0.1081E  03 

RC 

RC 

RC 

2=  0.1166E  01 
5=  0.1190E  02 

RC 

RC 

3=  0.1652b  01 
6=  0.356  7c  02. 

FOPT 

RC 

RC 

RC 

B=  0.1436E  01 
1=  0.1093E  01 
4=  0.3129E  01 
7=  0.5083E  02 

RC 

RC 

RC 

2=  0.1166b  01 
5=  0.7924b  01 
8=  0.1287E  03 

RC 

RC 

RC 

3=  0.1559b  01 
6=  0.2007C  02 

FOPV 

RC 

RC 

RC 

9=  0.1443E  01 
1=  0.1093E  01 
4=  0.2629E  01 
7=  0.2044L  02 

RC 

KC 

RC 

2=  0.1166E  01 
5=  0 . 5593t  01 
8=  0.6412b  02 

RC 

RC 

RC 

3=  0.1471b  01 
6=  0.1261b  0? 
9=  0. 1446C  0'3 

KC 

FOPT 

RC 

RC 

RC 

RC 

10=  0.1453b  01 
1=  0.1093E  01 
4=  0.2208b  01 
7=  0.1787E  02 
10=  0.1624E  03 

RC 

RC 

RC 

RC 

2=  0.1166E  01 
5=  0.4183b  01 
8=  O.30O2C  02 

RC 

RC 

RC 

3=  0.1388b  01 
6=  0.6396b  01 
9=  0. 8089b  0? 
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ga./phys/63-5,6 


OPTIMUM  VENUS  H-TRAJlCTORY  FOR  ORBITAL  RAN Oh  =  l.L  TO  6.1 
INPUT  DAT  A 

G=  0.8150L  00  V  IN  =  0.9300E-01  RIN=  0.178GE  03 

RS=  0.9/  OGl  00  V  fc  R  R  =  0.1000h-00  VRE  RK  =  1.  GOGOL—  OP. 


LOCAL  NORMALIZATION  DATA 

VCS  (  K/S  )  =  0.725BE  01  RS(K)=  0.6179E  04 

V  I N ( NORM ) =  G.3820E-00  F I ER  =  0.9967E-01  DELF I =  1.000GE-02 


THEORETICAL  OPTIMUM  TRAJECTORY 

ROX=  0.1485E  02  DVX  =  0.259BE-00  FIX=  0.1136C-00 

ROX ( K ) =  0.9174E  05UVX(K/S)=  0.18B3E  01  F 1 X ( D ) =  0.6507E  01 


INPUT  DATA 

ROK=  0.  RMA  X  =  0.6100E  01  RMI N=  0.1100E  01 

RERR=  0.1000C-00 


OPTIMUM  REFERENCE  TRAJECTORY  VALUES 

ROR=  O.BlOOC  01  riIN=  0.6105C-01  FIIN(D)=  0.3498C  01 


OUTER  ERROR  ANALYSIS 

RL I M=  0.6610E  01  VI=  0.3839E-00  F 1 1 =  0.1607E-00 


REFERENCE  TRAJECTORY  PARAMETERS 

FI ( D ) =  0.3676E  01  PSI(D)  =  0.2385E  03THE TA { D ) =-0. 492 4L  02 
DVT=  0.1180E  01  DVO=  0.1006C  01  DV=  0.1746l-00 

R0=  0.6100E  01  A=  0.8658E  01  H=  0.4062b  01 

EC=  0.1705E  01 


INNER  ERROR  ANALYSIS 

RL IM=  0.1090E  01  VI=  0.  3839E-00  F 1 1 =-0. 386 2E-0 1 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( D ) =  0.3653E  01  P  S I ( 0  »  =  0.1238E  03  THETA ( D ) =  0.5401E  02 

L VT  =  0.1187C  01  DVO=  0.1012b  01  DV=  0.1746E-00 

R0=  0.6100E  01  A=  0.8492E  01  H=  0.4073E  01 

EC=  0.1718E  01 


GA/PIiYS/63-5,6 

OPTIMUM  VENUS  H-TRAJECTuRY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


N-CORREC  f I  ON  IMPULSE  TOTALS 
OUTER  ERRORS 


FOPT 

1  = 

0.3815C 

07 

R  C0=  0. 

FGPT 

2= 

0.1212C 

01 

RC 

1  = 

0.6609E 

01 

RC 

2=  0.5S22E 

02 

RC 

FOPT 

3  = 

0.1218C 

01 

RC 

1  = 

0 .6609C 

01 

RC 

2=  0.S522E 

02 

RC 

3  = 

0.9913E 

02 

RC 

FOPT 

4  = 

0.1230E 

01 

RC 

1  = 

0.6609E 

01 

KC 

2=  0.5522E 

02 

RC 

3  = 

0.8639E 

02 

RC 

4= 

0.1262E 

03 

RC 

FOPT 

8  = 

0.1243E 

01 

RC 

1  = 

0.6609E 

01 

RC 

2=  0.5522E 

02 

RC 

3  = 

0.8064E 

02 

RC 

4  = 

0.1099E 

03 

RC 

5=  0.1448E 

03 

KC 

FOPT 

6  = 

0.1257E 

01 

RC 

1  = 

0.6609E 

01 

RC 

2=  0.5522E 

02 

RC 

3  = 

0. 7792b 

02 

RC 

4  = 

0.1Q26E 

03 

KC 

5=  0.1306E. 

03 

RC 

6  = 

0.  1S51E 

03 

RC 

FOPT 

7  = 

0.1270E 

01 

RC 

1  = 

0.6609E 

01 

RC 

2=  0.5522E 

02 

RC 

3  = 

0. 7792 t 

02 

RC 

4  = 

0. 1026E 

03 

RC 

t>=  0.1262E 

03 

RC 

6  = 

0.1499E 

03 

RC 

7  = 

0.1662E 

03 

RC 

FOPT 

b  = 

0. 1284E 

01 

RC 

1  = 

0.6609E 

01 

KC 

2=  0.S522E 

02 

RC 

3  = 

0.7792E 

02 

RC 

4  = 

0. 1026E 

03 

KC 

5=  0.1262E 

03 

RC 

6  = 

0. 1448E 

03 

RC 

7  = 

0. 1605E 

03 

RC 

8=  0.1720C 

03 

RC 

FOPT 

9  = 

0.1298E 

01 

RC 

1  = 

0.6609E 

01 

KC 

2=  0.5522E 

02 

RC 

3= 

0.7792E 

02 

RC 

4  = 

0. 1026C 

03 

RC 

5=  0.1262E 

0  3 

RC 

6  = 

0.  1448E 

03 

RC 

7  = 

0.1605E 

03 

KC 

8=  0.1662E 

03 

KC 

9= 

0.1720E 

03 

RC 

FOPT 

10  = 

0.1312E 

01 

RC 

1  = 

0.6609E 

01 

KC 

2=  0.5S22E 

02 

RC 

3  = 

0.  752  8E 

02 

RC 

4  = 

0.9915E 

02 

RC 

5=  0.1219E 

03 

RC 

6  = 

0.1399E 

03 

RC 

7  = 

0. 15S1E 

03 

KC 

b=  0.1605E 

03 

RC 

9= 

0.1662E 

03 

RC 

10  = 

0. 1720E 

03 

RC 
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GA/PHYS/63-5 ,6 

OPTIMUM  VENUS  H-THAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


N-CCRRECT ION  IMPULSE  TOTALS 
INNER  t k R (J K S 


FOPT 

1=  0.1241E 

01 

FUPT 

2=  0.1239b 

01 

RC 

1=  0 . 5300b 

01 

FOPT 

3=  0.1 25  It 

01 

RC 

RC 

1=  0.5417b 

01 

FOPT 

4=  0.1264E 

01 

RC 

1=  0.5459E 

01 

RC 

4=  0.1 399b 

03 

FOPI 

5=  0.1277E 

01 

RC 

1=  0.5479b 

01 

RC 

4=  0.1219b 

03 

FOPI 

6=  0.1291b 

01 

RC 

1=  0.5479b 

01 

RC 

RC 

4  =  0.1173b 

03 

FOPT 

7=  0.1305E 

01 

RC 

1=  0.5479E 

01 

RC 

4=  0 . 1 1  78t 

03 

RC 

7=  0.1720b 

03 

FOPT 

8=  0.1319E 

01 

RC 

1=  0.54  79b 

01 

RC 

4=  0.1178E 

03 

RC 

7=  0. 1662E 

03 

FUPT 

9=  0.1333E 

01 

RC 

1=  0. 5479b 

01 

RC 

4=  0.1138k 

03 

RC 

RC 

7=  0.1605E 

03 

FOPT 

10=  0.1346b 

01 

RC 

1=  0.5479E 

01 

RC  4=  0.U38E  03 
RC  7=  0.1551E  03 
RC  10=  0. 1720t  03 


RC0=  0.46 3 At:  01 
RC  2=  0. 9255b  02 


RC 

2=  0.7792C 

02 

RC 

2=  0.7273b 

02 

RC 

RC 

2=  0. 7027b 

02 

RC 

5=  0.1499b 

0  3 

RC 

2=  0.7027C 

02 

RC 

5=  0.1399b 

03 

RC 

2=  0.7027b 

02 

RC 

5=  0.1399E 

03 

RC 

RC 

2=  0.7027E 

02 

RC 

5=  0.1399b 

03 

RC 

8=  0.1720b 

03 

RC 

2=  0.7027b 

02 

RC 

6=  0.1352b 

03 

RC 

8=  0.1662E 

03 

RC 

2=  0.7027b 

02 

RC 

5=  0.1306E 

03 

RC 

8=  0.1605b 

03 

RC 

RC 

RC  3=  0.121  Ob  03 


RC 

3=  0. 1026b 

03 

RC 

3=  0.9579b 

02 

RC 

RC 

3=  0.9265b 

02 

RC 

6=  0.1605b 

0.3 

RC 

3=  0.9265b 

02 

RC 

6=  0.1605b 

03 

RC 

3=  0.9255b 

02 

RC 

6=  0.1551b 

03 

RC 

KC 

3=  0.9255b 

02 

RC 

6=  0.1499b 

0  3 

RC 

9=  0.1720L 

03 

RC 

3=  0.9255b 

02 

RC 

6=  0.1446b 

0  3 

RC 

9=  0.1662b 

03 

* 


0- 
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GA/PHYS/63-5,6 


GPTIMUM  VENUS  H-TRAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  16.1 
INPUT  DATA 

G=  0 . b 1 50E  00  VIN  =  0.9300E-01  R1N=  0.1780E  03 

RS  =  0.9700E  00  VERR  =  0.1S00E-01  VRERR=  0.1500E-01 


LOCAL  NORMALIZATION  DATA 

VCS(K./S>  =  0.7255E  01  RS(K)=  0.6179E  04 
V 1 N( NORM )=  0.3820  E-00  F I ER=  0.1500E-01  DELF I =  0.1500E-01 


THEORETICAL  OPTIMUM  TRAJECTORY 

R0X  =  0.1485E  02  DVX  =  0.2595E-00  FIX  =  0.1136E-00 

ROX I K ) =  0.9174E  05DVX(K/S)=  0.1883E  01  FIX(D)=  0.6507E  01 


INPUT  DATA 

ROR=  0.  RM  AX  =  0.1610E  02  RMIN-  0.1100E  01 

RERR=  0. 10QQE-00 


OPTIMUM  REFERENCE  TRAJECTORY  VALUES 

ROR=  0.1485E  02  FIIN*  0.1136E-00  FIIN(D)=  0.6507E  01 


OUTER  ERROR  ANALYSIS 

RLIM=  0.1761b  02  VI=  0.3821E-00  F 1 1  *  0.1286E-00 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( D ) =  0 . 69486  01  PSI(D)=  0.2256E  03THE TA ( D ) =-0. 3822E  02 
CVT=  0.1008E  01  DVO=  0.9904E  00  UV=  0.1721E-01 

R0=  0.1610b  02  A=  0.7371F  01  H=  0.81S2E  01 

EC=  0.3126L  01 


INNER  ERROR  ANALYSIS 

RLIM=  0.1090E  01  VI=  0.3821E-00  FII=  0.9857E-01 


REFERENCE  TRAJECTORY  PARAMETERS 

F I ( D ) =  0.5620E  01  PS1(D)=  0.3613E  03THETA I D ) =-0. 1 757E  03 

UVT=  0.1003E  01  DVO=  0.1009E  01  OV*  0.9691E-02 

R0=  0.1229E  02  A=  0.7317E  01  H=  0.6703E  01 

EC=  0.2680E  01 
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OPTIMUM  VENUS  H-TRAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  l6.1 


N-CGRRECT 1  ON  IMPULSE  TOTALS 
OUTER  ERRORS 

FOPT  1=  0.3815E  07  RCG=  0. 


FOPT 

2  =  0.1049E 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

FOPT 

3=  0.1068E 

01 

KC 

1=  0.I758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.1359C 

03 

RC 

FOPT 

4=  0.1090E 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.1263E 

03 

RC 

4=  0.1536E 

03 

RC 

FOPT 

5=  O.lillC 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.12U2E 

03 

RC 

4=  0.1428E 

03 

RC 

5=  G.1614E 

03 

RC 

FOPT 

6=  0.I133E 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.1202E 

03 

RC 

4*  0.1393E 

03 

RC 

5=  0.1575E 

03 

RC 

6=  0.1693E 

03 

RC 

FOPT 

7=  0.1158E 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0. 1202b 

03 

RC 

4=  0.1393E 

03 

RC 

3=  0.1575E 

03 

RC 

6=  0.1693E 

03 

RC 

7=  0.1737E 

0  3 

RC 

FOPT 

8=  0.1177E 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.1202E 

03 

RC 

4=  0.1393E 

03 

RC 

3=  0. 1336b 

03 

RC 

6=  0.1654E 

0.3 

RC 

7=  0.1695E 

03 

RC 

8=  0.1737E 

03 

RC 

FOPT 

9=  0.1199E 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.1202E 

03 

RC 

4=  0.1393E 

03 

RC 

5=  0.1536E 

03 

RC 

6=  G.1614L 

03 

RC 

7=  0.I654E 

03 

RC 

8=  0.1695E 

03 

RC 

9=  G.1737E 

03 

RC 

FOPT 

10=  0. 122IE 

01 

RC 

1=  0.1758E 

02 

RC 

2=  0.9882E 

02 

RC 

3=  0.1173E 

03 

RC 

4=  0.1359E 

03 

RC 

3=  0.1499E 

03 

RC 

6=  0.1375E 

03 

RC 

7=  0.1614E 

03 

RC 

8=  0.1654E 

03 

RC 

9=  0. 1693t 

03 

RC 

10=  0.1737E 

03 

RC 
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OPTIMUM  VENUS  H-TRAJECTORY  FOR  GHBITAL  RANGE  =  1.1  TO  16.1 


N-CCRRECT  ION  IMPULSE  T01ALS 
INNER  ERRORS 


FOPT 

1  = 

0. 1029E 

01 

RCO= 

0.9703E 

01 

FOPT 

2  = 

0.1051E 

01 

RC 

1  = 

0.9768E 

01 

RC 

2  = 

0.1732E 

03 

RC 

FOPT 

3= 

0. 1074E 

01 

RC 

1  = 

0.98 32 E 

01 

RC 

2  = 

0.1686C 

03 

RC 

3  = 

0.1732E 

03 

RC 

FOPT 

4= 

0.1096E 

01 

RC 

1  = 

0.9894E 

01 

RC 

2  = 

0.1640E 

03 

RC 

3= 

0.1686E 

03 

RC 

4  = 

0. 1732E 

03 

RC 

FOPT 

5= 

0.1119E 

01 

RC 

1  = 

0.9954E 

01 

RC 

2= 

0.1596E 

03 

RC 

3  = 

0.1640E 

03 

RC 

4  = 

0.1686E 

03 

RC 

5= 

0.1732E 

03 

RC 

FOPT 

6= 

0.1141E 

01 

RC 

1= 

0.1001E 

02 

RC 

2= 

0.1553E 

03 

RC 

3= 

0.1596E 

03 

RC 

4  = 

0.1640E 

03 

RC 

5* 

0.1686E 

03 

RC 

6= 

0.1732E 

03 

RC 

FOPT 

7  = 

0.1164E 

01 

RC 

1  = 

0. 1007E 

02 

RC 

2= 

0 . 151 IE 

03 

RC 

3= 

0.1553E 

03 

RC 

4  = 

0.1596E 

03 

RC 

5= 

0.1640E 

03 

RC 

6  = 

0.1686E 

03 

RC 

7= 

0.1732E 

03 

RC 

FOPT 

8  = 

0. 1187E 

01 

RC 

1  = 

0.1013E 

02 

RC 

2= 

0 . 147 IE 

03 

RC 

3  = 

0. 151 IE 

03 

RC 

4= 

0. 1553E 

03 

RC 

5  = 

0. 1596E 

03 

RC 

6  = 

0.1640E 

03 

RC 

7  = 

0. 16U6E 

03 

RC 

8= 

0.1732E 

03 

RC 

FOPT 

9  = 

0. 1209E 

01 

RC 

1  = 

0. 1013E 

02 

.  RC 

2  = 

0.1431E 

03 

RC 

3  = 

0.1471E 

03 

RC 

4  = 

0  •  1 5 1  IE 

03 

RC 

5= 

0.15530 

03 

RC 

6= 

0.1596E 

03 

RC 

7  = 

0.1640E 

03 

RC 

8  = 

0. 1686E 

03 

RC 

9= 

0.1732E 

03 

RC 

FOPT 

10  = 

0.1232E 

01 

RC 

1  = 

0.1023E 

02 

RC 

2  = 

0.1393E 

03 

RC 

3  = 

0.1431E 

03 

RC 

4* 

0.1471E 

03 

RC 

5  = 

0.1511E 

03 

RC 

6  = 

0.1553E 

03 

RC 

7= 

0.1596E 

03 

RC 

8  = 

0.164CE 

03 

RC 

9  = 

0.1686E 

03 

RC 

10  = 

0.1732E 

03 

RC 
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theoretical  optimum  radius  for  the  Mars  ^-Trajectory  lay  inside  the 
planet  surface,  and,  therefore,  inside  of  the  1.1RB  inner  range  limit. 
The  optimum  radius  for  the  7ems  H-Trajectory  lay  outside  the  6.1R8 
outer  limit,  so  an  additional  case  with  a  larger  range,  1.1R8  to  l6.1R8, 
was  also  computed  for  comparison. 

Additional  Information,  which  includes  the  correction  radii  grids 
and  possible  orbital  radii,  for  each  trajectory  problem  is  contained  in 
Appendix  3,  on  pages  296-342.  It  is  interesting  to  note  that,  as  in 
previous  results,  sequence  of  corrections  are  nearly  geometrically 
spaced  in  these  results  (see  page  119). 

Comparison  of  Optimal  Sequence  Processes 

The  comparison  of  the  optimal  sequence  processes  for  fixed  and 
variable  orbits,  which  were  discussed  in  this  text,  is  difficult,  for 
two  reasons: 

(1)  the  analysis  for  the  fixed  trajectory  sequences,  in  Part  I, 
assumed  a  constant  error  magnitude,  while  the  variable-orbit 
sequence,  in  Fart  II,  assumed  an  error  equal  to  a  constant 
percentage  of  the  reference  velocity  magnitude,  which  varies 
with  R; 

(2)  the  square  root  of  the  sum  of  the  squares  of  the  errors  was 
used  in  the  first  case,  while  an  envelope  of  errors  was  used 
in  the  second. 

To  allow  some  means  of  comparison  of  the  two  sets  of  results,  the 
following  procedures  ware  followed.  First,  errors  of  the  same  order  of 
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magnitude  were  used  in  'both  problems.  In  the  fixed-orbit  case,  an  error 
of  0.00141  (29.8)  wa«  ueed.  Since  the  initial  velocity  for  the  Mare  H- 
Trajectory  ie  0.089(29.8)km/eec,  the  initial  error  it  approximately  1.6# 
and  the  pericenter  error  ie  about  1.2#  (corresponding  to  a  pericenter 
velocity  of  3.70  km/ sec).  Therefore,  a  1.5#  error  was  used  throughout 
the  variable-orbit  problem. 

To  provide  a  basis  for  comparison  of  the  error- envelope  sum  with 
the  other  error  sum,  an  error  distribution  similar  to  a  sinusoidal  dis¬ 
tribution  was  assumed,  such  that  the  root-mean  square  of  the  errors  is 
.707  times  the  maximum  error  sum.  The  root-mean- square  values  for  the 
inner  and  outer  error  analyses  are  then  averaged,  because  it  is  assumed 
that  they  will  be  equally  probably.  This  average  is  computed  for  the 
Mars  B- Trajectory  in  Table  XII,  and  compared  to  the  results  of  Program  3 
in  Table  XIV;  however,  the  actual  data  from  Program  3  le  first  converted 
in  Table  XIII  to  a  percentage  of  increase  over  the  theoretical  optimum 
impulse.  The  n  in  Table  represents  the  optimum  number  of  corrections. 
There  is  poor  correlation  between  the  results  of  Programs  3  and  8  for 
fixed  orbits;  although  thsy  are  the  same  order  of  magnitude,  the  values 
from  Program  8  should  be  smaller.  Two  factors  which  may  cause  this 
discrepancy  are:  first,  the  majority  of  the  corrections  are  made  near 
orbit  where  the  difference  in  assumed  errors  in  the  two  programs  is  the 
grsatest,  and  secondly,  the  radius  grid  of  100  is  rather  coarse  and  seemed 
to  cause  a  deterimental  effect  on  the  accuracy  of  the  approximations, 
which  are  inherent  in  the  program.  Due  to  time  limitations  this  study 
could  not  be  further  developed.  It  would  be  desirable  to  decrease  the 
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Table  XII 

Average  Correction  Impuleee 
for  Program  8 


AV*  our 

AV*  ihm 

£AV, 

£AVt(n(K4^ 

AVa*ve 

Mare  H-Trajectory 

Fixed  orbit 

.188 

.188 

.376 

.266 

.133 

large  init.  error 

.170 

.183 

.353 

.250 

.125 

Small  init.  error 

.143 

.130 

.273 

.193 

.097 

Mare  A-Trajectory 

.173 

.436 

.609 

.430 

.215 

Venue  H-Trajectory 

1.1  to  6.1  range 

.212 

.239 

.451 

.319 

.160 

1.1  to  16.1  range 

.0U9 

.051 

.100 

.071 

.035 

Table  XIII 

Converelon  of  Program  3  Data 
Mare  H-Trajectory 


AV*  ,042 /AV*  AV,  AV,(.oA2/av*) 


1.865  .0225  3.9»5  .0897 


Table  XIV 

Comparlaon  of  Fixed  and  Variable  Orbit 
Correction  Sequence! 

Mara  H-Trajectory 


Method  of  Analyeie _ AV _ n 


Fixed  trajectory  (Program  3) 

.0897 

6 

Fixed  orbit  (Program  8) 

.138 

4 

Mange  of  orbite  (Prog-am  8) 

with  large  init.  error  (10$) 

.125 

2 

Mange  of  orbite  (Program  8) 

with  email  init.  error  (1.5$) 

.097 

2 
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allowed  error  in  Pro^sm  8,  end  increase  the  grid  size,  to  obtain  a 
better  comparison  to  the  two  Programs.  With  some  revisions  to  Pro-am 
8,  it  could  be  changed  to  assume  the  same  constant  error  magnitude  as 
Program  3*  but  the  value  of  this  is  questionable,  since  the  results  of 
Program  8  are  consistent  among  themselves,  and  indicate  any  savings  in 
impulse  would  probably  be  small.  It  is  reasonable  that  the  fixed  orbit 
case  would  require  more  impulse  and  a  larger  number  or  corrections  than 
the  variable  orbit  case.  This  is  apparent  from  Table  XIV,  along  with 
the  fact  that  the  larger  error  at  the  sphere  of  influence  requires  more 
impulse  than  the  smaller  error. 

Table  XV  shows  a  comparison  of  cases  with  theoretical  optimum  radii 
within  (Mars  H)  inside  of  (Mare  A)  and  outside  of  the  selected  orbital 
range.  (The  reduction  of  the  data  to  final  form  le  shown  in  Table  XII.) 
The  two  cases  for  which  the  optimum  orbit  is  not  within  the  range  require 
hi^ier  corrective  sums.  A  large  reduction  in  corrective  sum  was  achieved 
by  increasing  the  allowable  orbital  range  to  include  the  theoretical 
optimum  radius. 


Table  XV 

Comparisons  of  Correction  Sequences  for  Various 
Trajectory  Classes  &  Ranges  of  Orbits 


Trajectory  Class 

Range 

AV 

n 

Mars  H 

1.1-6. l 

.097 

2 

Mars  H 

1. 1-6.1 

.215 

2-8 

Venus  H 

1. 1-6.1 

.160 

2 

Venus  E 

1.1-16.1 

WMBBS 

2 
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linear  Perturbation  Analysis 

The  results  of  Programs  9  and  10  are  on  page  135".  These  results 
confirm  the  fact  that  a  90°  error  angle  or  cross  component  of  velocity 
error  causes  a  maximum  perturbation  In  orbital  radius.  The  maximum 
perturbation  in  orbital-injection  impulse  is  also  very  nearly  90°  for 
small  path  angles  near  the  sphere  of  influence.  0V  decreases  for 
Increasing  path  angles  at  both  the  sphere  of  influence  and  along  the 
theoretical  reference  trajectory. 


Solution  Times 

The  solution  times  required  for  one  Individual  case  on  the  IBM  7090 
computer  are  shovn  in  Table  171. 


Table  XVI 
Solution  Times 


Kethod  of  Solution 


Time  per  case 


Pixed  trajectory 

TraenJde'  s  Method  1  sec 

Dynamic  Programming  4  min 

(500- radii  uni£.  grid) 

Range  of  Orbits 

a- stage  10  sec 

Dynamic  Programming  Sequence  2  min 

(100-radii  geom.  grid) 


The  table  indicates  that  the  simplified  approach  used  by  Dr.  Traenkle 
requires  a  very  small  fraction  of  the  time  required  by  dynamic  programming 
program.  The  time  comparison  indicates  that  the  finer  the  radius  grid  for 
dynaalc  programming  the  more  Solution  time  is  required. 
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LINEAR  PERTURBATION  THEORY — THEOR  .CP T . REF . TR A J . 
RIN=  0.326CE  C3  VIN=  0.7424E  OC 


R/RS 

THETA  V  (C> 

THETA  R  (D) 

l 

0.3629E 

Cl 

-C.8942E 

CO 

C.7131E 

02 

2 

0.459BE 

C  1 

C.3121E 

C  2 

C .81C6E 

02 

3 

C.5826E 

C  l 

0.442/E 

C  2 

C .7978E 

02 

4 

0.7382E 

C  l 

C.5363E 

C  2 

C .7999E 

02 

5 

C.9354E 

C  l 

0.6C88E 

C  2 

C.8C81E 

02 

6 

C.1185E 

C  2 

C.6664E 

C  2 

C.8186E 

02 

7 

C.15C2E 

C  2 

0.7127E 

C  2 

C.8298E 

C2 

8 

C.19C3E 

C  2 

C.75CCE 

C  2 

G . 84C6E 

C2 

9 

C . 24 1  IE 

C  2 

C.78C1E 

C  2 

C.85C4E 

C2 

10 

C.3055E 

C  2 

C.8C42E 

C  2 

C . 859  IE 

02 

11 

C.3872E 

C  2 

C.8238E 

C  2 

C .86656 

C2 

12 

C.49C6E 

C  2 

C.8394E 

C  2 

C .8728E 

02 

13 

0.6216E 

C  2 

0.851SE 

C  2 

C . 878  IE 

C2 

14 

0.7877E 

C  2 

C.8618E 

C  2 

C.8824E 

02 

15 

C.998CE 

C  2 

0.8697E 

C  2 

0.8859E 

02 

16 

0.1265E 

C  3 

0.876CE 

C  2 

C.8887E 

02 

17 

0.16C2E 

C  3 

C.881CE 

C  2 

C.8S1CE 

0  2 

18 

0.2030E 

C  3 

0.885CE 

C2 

0.8929E 

02 

19 

0.2573E 

03 

0 .888  IE 

C2 

0.894 3E 

C2 

20 

0.326CE 

C  3 

C.8906E 

C2 

C.8955E 

02 

LINEAR  PERTURBATION  THEORY-- A T  SPHERE  OF  INFLUENCE 


R I N=  0.32GCE  C3  VIN=  0.8900E-0!  G=  C.I080E-00 


F  l  (  0  ) 

THETA  V 

(D) 

THETA  R 

(D) 

1 

0. 10GCE- 

OC 

0.8990c 

C2 

0.899CE 

02 

2 

0.200CE- 

•00 

0.8980E 

0? 

0.8982E 

02 

3 

0.300QE- 

•00 

0.8967c 

02. 

0.8975E 

02 

4 

0.4000E- 

■00 

0.3942E 

02 

0 .8969E 

C2 

5 

0.500CC- 

■OC 

0.8685E 

02 

0.8965E 

C2 

6 

0.600CE 

OC 

0.R762E 

02 

0.8962E 

C2 

7 

0.7DG0C 

00 

0.3494E 

02 

0 .8959F 

02 

8 

O.ancOE 

OC 

0 . 788  IE 

02 

0 .8957C 

C  2 

9 

0.900CE 

00 

0.6292E 

0/ 

0.8955G 

02 

10 

l.OOCOE 

00 

0.2120E 

02 

0.39541- 

0.2 

11 

0.1  IOOE 

01 

0. 1579E 

03 

0.8953E 

02 

12 

0. 120CE 

01 

0. 1412E 

03 

0.8932F 

02 

13 

0.130CE 

01 

0.1354E 

03 

0 . 895  in 

02 

14 

0. 1400E 

01 

0. 1334E 

03 

0.8950E 

02 

15 

0. 150C.F 

01 

0.1332E 

03 

0.8949F 

C2 

16 

0. 16CCE 

01 

0. 1340E 

03 

0.8949F 

C2 

17 

0.170CE 

01 

0.1352E 

03 

0 . 8943c 

02. 

18 

C. 180CE 

01 

0. 1367E 

03 

0 .894SE 

02 

19 

0. 19CCE 

Cl 

0. 1384E 

03 

0  •  8947c 

02 

20 

0.2CCCE 

01 

0.1402E 

03 

0.39470 

02 

RS=  0.5 
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denar al  Conclusions 

One  of  the  most  eignlf leant  reeolte  of  the  studies  in  this  theeie 
ie  the  confirmation  that  a  geometrical  epetcing  of  oorrectiona  la  an 
optimum  configuration.  Separate  atudiea  hare  aleo  confirmed  the  fact 
that  croaa  components  of  error  Telocity  hare  the  greatest  effect  on 
the  orbital  radius,  ilao,  for  small  errors  on  the  order  of  1$  of  the 
Telocity  magnitude,  the  total  impulse  sum  is  a  small  percent  of  the 
Basic  Telocity  Sum,  in  all  cases  it  vas  less  than  5$.  Some  saTings 
can  he  made  by  correcting  to  a  fixed  orbit  rather  than  fixed  trajectory, 
and  an  additional  saring  can  be  obtained  by  allowing  a  range  of  orbits 
rather  than  correcting  to  a  predetermined  radius.  But  these  Barings 
are  a  rery  small  percentages  of  the  Basic  Telocity  8um  for  small  errors. 
Unless  the  amount  of  fuel  is  rery  critical  or  the  errors  encountered  are 
rery  large,  the  sarlngs  in  fuel  expended  may  not  offset  the  additional 
time  and  complexity  of  the  calculations  for  the  orbital  range. 
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(Sphere  of  Influence  Entry  Error  Analysis) 


GA/Phy s/63-5 ,6 


bRH  TWO-STEP,  VARIABLE  COLLISION  ANGLE  PROBLEM 

DIMENSION  Fit  19), TITLE!  12 ) , T 1 TLE2 ( 12) 

CU  A  L  =  C  .  0 

FI ( 1 ) = 1 .57079633 

C  WRITE  THE  VARIABLE  ANGLE  CONDITIONS 
DC  A  1=2,19 

A  FI  (  I)  =  FI  (  I-D-0.17A53293 

10  Rt  AD  INPUT  TAPE  2 , 20 1 , T I TLE , G , R I N , RPL AN 

201  FORMAT  ( 1 2 A6 , / 3 E 12 . 0  ) 

R l N  =  R I N*R  P  L  AN 

11  RcAO  INPUT  TAPE  2 , 202 , V 1 N , T I T Lt 2 

202  FORMAT  ( E 12 .0 , / 12A6 ) 

C  COMPUTE  OPTIMAL  PARAMETERS 
V 1N=V I N«29 . 8 
VIN2=VIN*VIN 
EC=VIN2/2.0-G/RIN 
VINFN=SCRTF(2.0»E0) 

RC=2.0*G/(VINFN**2) 

IF (RC-1.1«RPLAN)2»3,3 

2  K  C  = 1  * l* R PLAN 

3  AG  =  G/ ( 2  .G»EC  ) 

ECCG=( RC/AC  1  +  1 .0 
BC=AC*SCRTF ( ( ECCG*ECCC ) -1 .0  ) 

F1C=A$IN(6C/RIN) 

VCC=SCKTF ( G/RC  ) 

VCP  =  SQRTF(G»(2.0/R0+1.0/AG)  ) 

DVC=VGP-VCC 
GvCN=0VC/29 .8 
RCN=RC/RPL AN 

WRITE  OUTPUT  TAPE  3 , 30 l , T I TLE , T I TLE2 , DVCN , RON 

301  FORMAT  (lhlt12A6,/l2A6,/10X,5HCVCN=E12.5, 

15X , AHRCN=E12.5  ) 

C  COMPUTE  THE  VELOCITY  CORRECTIONS 
DC  5  1=1,19 
H  =  RIN*VIN*SINFIFI( 1  I ) 

B  =  SORT  F (  (H-»H)  /  (  2 . 0*  EG )  ) 

B  R  =  B  /  B  G 

OF I=ABSF (FI C—  F  I  (II) 

0V  =  SQRTF(2.0«VIN2* ( 1 .0-CQSF  I  CF  I  )  )  ) 

DVN=(CV/CVC!»100.0 

8  WRITE  OUTPUT  TAPE  3 , 30 2 , BR , DVN , F 1 1  I  ) 

302  FORMAT  ( 10X , 3H HR  =  b 10 . A , AX , 3HC V  =  El2 . 5 , AX , 6HF I ( I ) =E 1 1 .  A  ) 
DUAL=DUAL+ l .0 

IF(CUAL-A.O) 11, 10, 11 
ENCUtC,C,O»C,O,l»Q,0,l,0fOfC»CfC) 


GA/Phyfl/63-5.6 


IfcC-STEP.  VARIABLE  COLLISION  ANGLE  PROBLEM- 


CLASS  E 

UVCN®  C.62S45E-C1 
iiR  =  C.8C75E  Cl 
b  K  =  0  . 7952E  Cl 
H  R  =  C  .  750  8  6  01 
BK®0.6993E  Cl 
0R  =  0 .61866  01 
BK =0.51906  01 
B 8=0.40376  01 
6R=G.?762E  Cl 
UR  =  G. 14020  Cl 
UK  =  0 .6016c- 06 
BR=C . 14C2E  01 
BK=C • 2762E  0 1 
BR=0 .40376  Cl 
b«=0.5l90E  01 
bR=0.6186E  01 
RR=C.6993E  01 
bR-0 .75B0E  01 
BR  =  0. 1 952E  Cl 
BR  =  0  .  PC75E  Cl 


RUN®  C.14958E 

0. 19496 E 

C  3 

0V=  0.17487c 

C  3 

DV  =  0.15344E 

C  3 

CV=  G.13085E 

03 

DV  =  0.10726E 

0  3 

CV=  0 .828526 

02 

CV=  0.5  ?816E 

02 

CV=  0.32339E 

C  2 

DV=  0 . 66  1 64  E 

Cl 

CV=  0.1915 7 E 

C  2 

CV=  0.44784E 

C  2 

CV=  0  .  7007CE 

C  2 

0 V=  0.94824E 

02 

DV  =  0.118866 

C  3 

DV=  0.14198E 

C  3 

CV=  0.1640 3 C 

C  3 

C  V  =  0.18483E 

C  3 

DV=  0.20422E 

C  3 

DV®  0 . 2.2.2C5E 

C  3 

02 

fill)--  0 
Fim=  o 
F  L  l  1 1  =  0 
Fit  II—  C 

fi  m=  c 

F  l  <  II-  C 
fud®  c 
FH  i ) -  c 

Fill)®  ' 
fllllH 
F I ( l )=-< 
fii  n=-i 

FIlll*-1 
Fill)®- 
fill)®- 
Fit  I )=  — 
Fiin^- 
F l t 1 ) =- 
Fltl)=- 


TRC-SIEP,  VARIABLE  COLLISION  ANGLE  PROBLEM 


CLASS  F 

D VCN=  C.62945E-C1 
tiR  =  C  .  1402E  Cl 
BR=C .  1263E  01 
BR=C .  1 1 24E  01 
BR=0.9841E  CC 
BK=0.8440E  GC 
BR=0.7C38c  00 
BK=C. 5633  b  OC 
UR=G.4226E-GC 
BK  =  G . 28 1 8  E-CO 
HK=C. 1409E-00 
HK=C  .60 16E-C7 
BR=0. 14096-00 
BR=C.2818E-00 
BR=0.4226E-00 
bR=G.5633E  CO 
BR=0.7C38E  00 
BR-C.8440E  00 
BR-C . 984 1 E  00 
BR=G • 1 l 246  01 


RON  =  C • 149586  02 


CV=  C.66164E 
DV  =  C. 40382 E 
C  V®  0*14597 E 
DV=  0.  U192E 
cv=  0.3697 8 E 
CV  =  0.6276  IE 
CV=  C  .  885  39E 
CV  =  C . I 1431E 
CV=  0.14CC/E 
CV  =  G.16583E 
CV  =  C.19157E 
CV  =  0.21729E 
CV=  0.243C0E 
DV=  0.26865E 
0V=  C  .  294  36  E 
UV  =  0 . 32.00  IE 
DV=  0.34563E 
0V=  0.37123E 
CV=  0.3968CE 


Cl 

fi  m  = 

Cl 

pirn® 

Cl 

Fill)® 

Cl 

Fit  I  )  = 

Cl 

Fim  = 

Cl 

Fill  )  = 

Cl 

Fill)® 

C  2 

F  1  (  1  )  = 

C2 

Fim  = 

C  2 

Fill)® 

C  2 

Fill)®- 

C  2 

Fill)®' 

C  2 

FKII-- 

C  2 

FI  II)® 

C  2 

Fill)® 

C  2 

F  1 1  I  >  = 

C  2 

.  F  I  (  I)  = 

C  2 

Fill)® 

C  2 

Fill)® 

-VENUS 


. 1 5 7 1 E  Cl 
. 1396E  01 
. 1 222E  Cl 
1047E  Cl 
!. 87276  CC 
!.6981E  00 
) .  52  36E  CO 

I .  34  9  IE- CC 
3 . 1 745E- 00 

J. 7451E-C7 
3. 1745E-CC 
C.3491E-CC 

0.52  36E  00 
0.6981E  00 
0.8727E  CO 
C. 10476  01 
C.1222E  01 
0.1396E  01 
0.1571E  01 


— VENUS 


C  .  1745F.-CC 
C. 1571E-CC 
C. 13960-00 
0 . 1 222E-CC 
C.  1047E-CC 
0.872 70- Cl 
0 . 690  IE- Cl 
C. 52366-01 
C.  3 491 E- 01 
C. 1745 E- Cl 
■0.74  5  IE- 08 
-0.1745E-01 
-C.3491E-C1 
-C.  52366-01 
-0.6981E-01 
-0. 87276-01 
-C . 1047E-0C 
-C. 1222E-GO 
-0. 1396E-0C 


GA/Pt»y*/^3-5*6 


1  w  C  -  S  T  E  f ' »  VAHI6P.Lt  COLLLSICN  ANGLE  PROBLEM— VENUS 


CLASS  A 

U VCK-  C.16650E-C0 
BR=0.5443E  02 
CR=C • 5 360C  G2 
Bk  =  0 .5115E  02 
B  K  =  0  •  4  7  1 4  E  C2 
GR=0.4170E  C2 
Bk  =  0  •  3499F  02 
BR=0 .2722E  02 
BK=0.1862E  C2 
Bl<*0 .9452E  Ol 
BR=C.4055E-G5 
BR  =  0 .9452E  Cl 
BR  =  0 . 1A62E  C2 
BR=G.2722E  02 
BK=0 . 3499E  02 
BR=0.4170E  02 
BR  =  C . 47 14E  02 
3R=0.5115E  02 
BR  =  0 . 5360E  02 
BK=0.5443E  C2 


RON  =  C.21  378E 
0V=  0.19943E  C  3 
CV=  0. 1 8  C  9  7  E  C  3 
0V=  0.16113E  G  3 
0V=  0.140Q6E  C  3 
0V=  0 . 1 1 79  2  E  G  3 
DV=  0 .9489 1 1  C  2 
DV=  C.71136E  C2 
CV=  G .4684  IE  02 
DV=  0.22189C  02 
0V=  0.26323c  Cl 
D V=  C.27433E  02 
DV=  C.52025E  C2 
CV=  0.76222E  02 
DV=  0.99838E  02 
DV=  0.12269E  03 
CV=  C.  14462E  03 
DV=  C.16544E  C3 
CV=  0 . 1 8500 1  0  3 
DV=  0.20316E  03 


01 

p [ ( 1 ) =  C . 1 5  7  1 E  01 
Fill )  =  C.1336E  01 
FHI>=  0.1222E  Cl 
F  It  I  )=  0.1047E  Cl 
Fl( I)=  C.8727E  GO 
Fit  1  )  =  0.698  It  CC 
F  1  ll  )=  0 .  5236E  CO 
Fit  I  )=  C  .  34  9  IE- 0  0 
F  [  ( I  )  =  C. 1745 E- 00 
Fill)  =-0.745  IE-07 
F  I  (  1  )  =-G . 1745E-CC 
FIl  I  )  =-C .  3491E-CC 
Fill  )=-C.5236E  CC 
Fill  ) --C . 698  IE  GO 
Fit  l  )=  —  0-872  7E  CC 
Fill  )  =-C • 104  7E  01 
Fit  1  )  =-C .  1222E  Cl 
Fill  )  =-0 . 1396E  01 
Fill)  *-0 •  15  7  IE  Cl 


T^C-STEP,  VARIABLE  COLLISION  ANGLE  PROBLEM— VENUS 


CLASS  A 

OVCK=  C.16650E-C0 
BR=0.9452F.  Cl  CV  = 

BR  =  C . 85  15E  01  CV= 

BR=0 . 7575E  01  CV= 

BK=0 . 6634E  01  OV- 

HR  =  G . 56 90E  01  0V  = 

HR  =  0 . 4744 E  01  DV  = 

BR=0.3797E  01  CV= 

BR=0 . 2849E  01  CV= 

BR=C . 1900E  01  CV= 

BR=0.95G0E  CO  CV= 

BR=C.4C55C-C6  CV= 
BR=0.95CCt  CO  UV= 

BR=G . 19C0E  Cl  LV= 

t)R  =  0.2849E  01  CV= 

BR=0 .3797E  01  DV= 

BR=0 . 4744E  Cl  DV= 

HR=0 . 5690E  Cl  DV= 

BR=C.6634E  Cl  UV-= 

BK=0 . 7575E  Cl  DV  = 


RON*  C. 213 7 BE 
0.22189E  C 2 
C.19/11E  C  2 
0.1  7232E  C  2 
C.  14752E  C 2 
0.1227CE  C  2 
C.97876E  Cl 
C.73043E  Cl 
0.48206E  Cl 
0.23365E  Cl 
C.  14  846E-CC 

0.26323E  Cl 
0.51164E  Cl 
0.76001c  Cl 
C.10C83E  C2 
0. 12566 E  C 2 
0 .1504  7 1  02 
0.1  7527E  C 2 
C.200C6E  C 2. 
0.22484E  C  2 


Cl 

Fill)*  0. 1745 E- GO 
Fill)-  C.1571E-CC 
FIl  11  =  C.13S6E-CC 
F1U>=  0. 1222  E- CO 
Fill)-  0 . 1047E-CC 
F  1 1  I  )  =  C.8727E-C1 
Fill)1  C  .698 lc-C 1 
FH  I)=  0.52 36E-01 
Fit  1  )  =  C.  3491E-C1 
Fit  I  )  -  0 . 1745E-C1 
Fit  1  )*-0.745lE-08 
Fill  )  =-  0 . 1 7  4  5F.-C  1 
F  ll  l  )  =- C . 34S1E-0 1 
F  1  l  1  )  =-C  .52  36E-C 1 
Fill  )=-0.6931E-01 
FI(I)  =—  C  .87276  —  01 
Fill  )*~C. 104 7E-00 
FIl  I ) =-C . 1222E-0C 
Fill) =—  G . 1396C-C0 


V 
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UC-STEP,  variable  ccllisicn  angle  PROBLEM - VENUS 


CLASS 

C 

C  V  C  N  =  0 . 3  1 8  59E- 

CO  R  CN  =  C. 

1  lOCOE 

01 

BK=C. 1196E 

C  3 

CV=  G.  19  5B2E 

C  3 

FI  (  I  )  = 

0.15716 

Cl 

HR =0.11776 

C3 

CV=  0.177866 

C  3 

FI  (  I  )  = 

C.  13966 

Cl 

U K  =  0 . 1 124E 

0  3 

CV  =  0.15855E 

C  3 

F  I  (  I  )  = 

0.1222b 

Cl 

HK=C. 1C35E 

C  3 

C  V  =  0.13004E 

03 

F  I  (  I  )  = 

0.10476 

Ci 

Bl<=0 . 9 1 59E 

C2 

CV=  0.116476 

0  3 

F  I  (  I  )  = 

C.8727E 

cc 

SR  =  0 • 76  86  E 

C2 

CV=  0.9402CE 

C  2 

F  I  (  I  )  - 

0.69816 

00 

BR  =  0. 59786 

C2 

0 V=  0. 7085  IE 

C  2 

F  1  (  I  )  = 

C.5236E 

cc 

BR=C.4C89E 

C2 

CV=  0.4 71 4 3E 

C  2 

FI  (  I  )  = 

C.3491E- 

•cc 

CR=0.?076C 

02 

CV  =  0.2  3C77E 

0  2 

F  1  1  l  )  = 

C.1745E- 

■cc 

0K=O .8908E 

-C5 

D V=  0.11653E 

C  1 

r-i  m=- 

0.74510- 

0  7 

BR  =  0 .20766 

02 

D  V  =  0.253986 

C  2 

F  I  (  I  )  =  — 

C.1745E- 

■CO 

BR  =  C . 40  89E 

C2 

0 V=  0.494366 

02 

F  I  (  I  )=- 

C.3491E- 

•oc 

bR=C . 59  78E 

C2 

D  V  =  0.73102E 

02 

F  1  (  l)=- 

C.5236E 

oc 

BR=C • 7686E 

02 

D V  =  0.962096 

02 

F  1  (  I ) =- 

0  .  '6  9  8  1 E 

cc 

tik-0 . 9159E 

02 

DV=  0.118566 

C  3 

F  1  (  I  >  =  — 

C  .  8  7  2  7  E 

cc 

BR=C . 1035E 

03 

CV  =  0.140C6E 

C  3 

Fit  I  )=  — 

C.1047E 

Cl 

t3R  =  0.ll24E 

C  3 

DV  =  C.16046E 

03 

Fill)  =— 

G. 1222E 

Cl 

BR=0. 1177E 

C3 

CV=  0  .  17965E 

03 

FI  (  I  )=- 

0.13966 

01 

UK=0.1196E 

0  3 

DV=  0.197476 

03 

FI  (  I  )=- 

0.15?  IE 

c  1 

TkC-STEP,  VARIAELE  CCLLISICN 

ANGLE 

PRQHL  EM- 

—  VENUS 

CLASS  C 

UVCN=  0. 31859 E- 

00  RUN  =  C. 

11CC0E 

01 

BR  =  0 . 20  76E 

02 

DV  =  C.23077E 

C2 

F  I  (  I  )  = 

0.17456-CC 

B  K  =  0 . 1870E 

02 

CV=  C.20658E 

C  2 

FI  (I)  = 

0.1571E-CC 

BR=Q . 1664E 

02 

D V=  0.1823 7 E 

02 

FI  (  I  )  = 

C. 1396E-CC 

BR=0. 1457E 

02 

CV=  0.15814E 

02 

FI  (  I  )  = 

C  .  L222E-CC 

BR=0. 1250E 

02 

CV=  0.1339  IE 

02 

Fit  I  )=  . 

0.1047E-CC 

8R=0 . 1042E 

02 

CV=  0. 10966C 

C  2 

F  I  (  1  )  = 

C. 8727 E- Cl 

CR  =  0 . 834  1  E 

01 

CV  =  0.8  54  ICE 

Cl 

F  1  (  1  )  = 

0.6981  E-C  l 

BR=0.625BE 

Cl 

CV=  0.6115CE 

Cl 

F  I  (  I  )  = 

C.5236E-C1 

BR=G.4173E 

Cl 

DV=  0.36085E 

0  1 

F  I  (  I  )  = 

C.  349  1E-C1 

BR=C  .208  7E 

Cl 

OV  =  0.12618E 

Cl 

F  I  (  I  )  = 

0.  L  74  56-01 

B  R  =  C  .  8  9  0  Fi  E  - 

06 

DV=  0 . 11651E 

Cl 

FI(I)=- 

■C.  74  51E-C8 

BR=C.2C87G 

Cl 

CV=  0.359196 

Cl  . 

FI(l)  =  — 

0.1  7456-01 

BK=0.41 73E 

01 

CV  =  0.60184E 

c  1 

F I (  I)=- 

C.3491E-C1 

BR=C.6258E 

Cl 

CV  =  0 . 84444  E 

C  1 

Fill)  =— 

C. 5 2366-01 

13R  =  C  .  8 34  1  E 

01 

DV=  0.1087CE 

C  2 

F I ( 1 )=— 

C. 69810-01 

BR=C. 1042E 

0? 

CV=  0.132940 

02 

Fill)  ■=— 

C. 8727 E- Cl 

uR=0. 1250E 

02 

CV=  0.157180 

02 

Fill)  =  — 

C.  104  7  E- CC 

(3R  =  0. 1457E 

02 

CV=  0.1814CE 

02 

FI (  1  )=- 

C  .  1222E  -CC 

BR  =  0. 1664E 

02 

DV=  0.205616 

02 

FI ( 1  )=- 

0  .  13966-00 
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TWO-STEP  , 

VARIABLE  COLLISION 

ANGLE 

PROBLEM- 

—  VENUS 

CLASS 

C 

D  VCN®  0.87761E- 

Cl  R0N=  C. 

7  6  9  4  8  E 

01 

Bk  =  G  •  1537E 

C2 

CV  =  0.19/72E 

C  3 

Fit  I)  = 

C. 15  71E 

Cl 

BR  =  0. 1514E 

C2 

CV  =  C.17855E 

Cl 

Fim  = 

C. 1396E 

01 

BR=0. 1445E 

G  2 

DV=  0.15802E 

03 

F  I  (  1 )  = 

C.1222E 

Cl 

8K=0 . 13 3  IE 

02 

DV=  0.13628E 

C  3 

F  I  (  I  )  = 

0. 1047E 

Cl 

BR=0  .  I178E 

C  2 

DV=  0.11351E 

C  3 

Fit  n  = 

C.8727E 

00 

BR=0 .9882E 

01 

CV=  0.89878E 

C  2 

Fim  = 

0 . 698  IE 

00 

BR  =  0 . 7687E 

01 

DV=  0.65558E 

C2 

Fit  I)  = 

C.5236E 

CO 

8R=0.5258E 

Cl 

DV=  0.40739E 

C  2 

FI  (  1  )  = 

C.3491E- 

■cc 

8R=C .  26  70E 

Cl 

LV=  C.15611E 

C2 

FIII)  = 

C. 1745E- 

•oc 

88  =  0. 1145E 

-C5 

L'V=  C.96369E 

Cl 

Fill)®- 

C.7451E- 

07 

BR=0.26  70E 

01 

CV=  C.34811E 

C2 

F 1 ( 1 ) =- 

C. 1745E- 

■cc 

BK=0.5258E 

Cl 

0V=  0.5972CE 

C  2 

FKI)*- 

C. 3491E- 

00 

BR  =  G . 76  87C 

01 

CV=  0 . 84175E 

C  2 

Fill)®- 

C.5236E 

oc 

BR  =  C • 98  82  E 

Cl 

DV=  C.10799E 

03 

F  I  (  I ) =— 

C.6981E 

00 

88=0.1178E 

02 

DV=  0.13096E 

C  3 

Fill) =— 

0.8727E 

cc 

68  =  0.13 3  IE 

02 

DV=  C.15298E 

C  3 

FIII)=- 

0. 1047E 

Cl 

bR=C . 1445E 

02 

DV=  0.17381E 

C  3 

F1II)=- 

0.1222E 

Cl 

BK=0 . 1 5 14E 

C2 

DV=  0.19332E 

03 

FI(I)*- 

C. 1396E 

Cl 

BK=0.1537E 

02 

0V=  0.21135E 

03 

F I t I ) =- 

C.1571E 

Cl 

TWO-STEP,  VARIABLE  COLLISION  ANGLE  PROBLEM - VENUS 

CLASS  C 


UVCN=  0.87761 E- 

01 

RON=  0. 

76948E 

01 

B8=0 . 2670E 

01 

l)  v  = 

0 . 1561  IE 

C2 

Fit  I  )  = 

C.1745E-C0 

HR  =  0 . 2405E 

01 

DV  = 

C.13C8GE 

C  2 

Fill  )  — 

C.1571E-C0 

BR=0.2140E 

Cl 

DV  = 

C.10565E 

C  2 

Fill)® 

C.1396E-0C 

BR  =  0. 1874E 

01 

CV= 

C. 804016 

Cl 

FI  (  I  )  = 

0. 1222E-C0 

BR  =  0. 1607E 

Cl 

cv= 

C.55152E 

Cl 

Fit  I  )  = 

0. 1047E-CC 

BR=C. 1340E 

Cl 

cv= 

0.29896E 

Cl 

Fit  I )  = 

C.8727E-CI 

BR=C.1072C 

01 

DV= 

0.46436E- 

-CO 

F  I  (  1  )  = 

C.6981E-CI 

BR  =  0 . 8046E 

00 

CV  = 

0.20616E 

Cl 

Fit  I )  = 

C. 52 3 6 £-01 

HR=0.5366E 

00 

DV= 

0.45871E 

Cl 

Fit  1  )  = 

0 . 349  IE— 01 

0R  =  C . 26  83E 

-CO 

CV  = 

0. 71122b 

Cl 

FI  (  I  )  = 

C. 1745E-01 

BR=0 .  1 145E- 

-06 

cv= 

0.96369E 

Cl 

Fl(I)=- 

0. 7451E-08 

B8.=  0 . 2683E 

-00 

CV= 

0. 12161E 

C  2 

Fill)®- 

C. 1745E-C1 

BR=0 . 5  366E 

00 

cv= 

0.14684E 

C  2 

Fill)®- 

C.3491E-C1 

BK=0.6046E 

cc 

cv= 

C.17206E 

C2 

Fill)®- 

C.5236E-C1 

3R  =  C . 1072E 

Cl 

DV= 

C.  19726E 

C  2 

Fill)®— 

C.6981E-01 

BR=0. 1340E 

Cl 

CV  = 

0. 22245 E 

C  2 

Fill)®- 

C.8727E-01 

8K=C . 1607E 

01 

cv= 

C .  24  /62E 

C  2  ■ 

Fill)®- 

C.1047E-00 

BR=C. 1874E 

01 

DV  = 

0 . 2  7  2  7  8  E 

C2 

FI(I)®— 

C. 1222E-00 

GR=C.2140E 

01 

DV  = 

0.29791E 

C  2 

Fill)®- 

C. 1396E-CC 

OA/R»y«/63-5.6 


TVsO— STEP  i  VARIABLE  COLLISION  ANGLE  PROBLEM - MARS 

CLASS  H 

DVCN*  C.62576E-01  RON=  C.36714E  01 


BR*C . 6220E  C2 
BR=0.6125E  C 2 
BK=0 . 5845E  C2 
BR*0 . 5  386  E  C2 
BR  =  0  .4765E  02 
BR=0.3998E  02 
BR  =  0 . 3 1 10E  02 
BR-0.2127E  02 
Bk=0 . 1G80E  02 
0R=0. 46340-05 
8R  =  0 . 1Q80E  02 
Hk=0 . 2 12 7E  02 
Bk  =  0 . 3 1 10E  02 
BR  =  G . 3998C  02 
HR=0.4765E  02 
BR  =  C . 5386E  02 
BR=C . 5845E  02 
Bk  =  0 .6125E  02 
HR=0.6220E  02 


DV  = 

0.19951E 

03 

DV  = 

0.181C8E 

C3 

D  V= 

0.16127E 

03 

0V= 

0. 14023E 

03 

DV  = 

0. 11813E 

C3 

DV  = 

C.95125E 

C2 

DV-- 

0.71398E 

02 

DV  = 

0.47129E 

C  2 

L)V= 

0.2250CE 

C2 

0  V  = 

0.23C00E 

Cl 

D  V  = 

0.27C82E 

02 

UV  = 

0.51658E 

C2 

DV= 

0.75841E 

C2 

DV  = 

0 . 9944  7  E 

C2 

D  V= 

Q.12230E 

03 

DV= 

0. 14421E 

03 

CV= 

0. 16504E 

C  3 

DV  = 

C.  1B460E 

03 

U  V  = 

0.20276E 

03 

FI(I)=  C.1571E  Cl 
F  I  ( I  )  =  C.1396E  01 
F  1 1  I  >  =  0.1222E  01 
FIII)=  C.1047E  01 
FII  I  )  =  C.8727E  00 
F  I  ( I  )  =  C.6981E  OC 
FKI  )=  0.5236E  CO 
FI  ( I )=  0 . 3491E-CC 
F I  (  I  )  =  C.1745E-CC 
Fit  I  K-C.7451E-07 
Fill  )=-C.1745E-CC 
F  I  ( I  )  =-C . 3491 E-CC 
FKI  )  =-0. 5236E  CO 
Fit  I  >=-0.6981E  00 
FKI  ) =-C . 8727E  OC 
F  I  ( 1  )  =-0 . 1047E  01 
FII I ) =-C . 1222E  Cl 
F I ( I  )=-0.1396E  01 
FKI  )=-0.1571E  01 


rkO-STEP,  VARIABLE  COLLISION  ANGLE  PROBLEM - MARS 

CLASS  F 

DVCN=  0. 625 76 E- 01  RON=  C.36714E  01 


8R»0.1080E  02 
BR=0.9730E  01 
HK=0.8656E  01 
BR=0.7580E  01 
BR  =  0 .6501E  01 
HR=0.5421E  Cl 
BR=0.4339E  Cl 
BK=0 . 3255E  Cl 
BK=0.2171E  01 
BR=0 . 1085E  01 
BR=0.4634E-06 
8k=0.l085f.  01 
BR=0.2171E  01 
BKSC . 3255E  01 
BR=0.4339E  01 
BK=0 . 5421E  01 
0R=0 . 650  1 E  01 
BK  =  G . 7580E  01 
BR=0.8656E  01 


DV=  C.2250CE  C2 
CV  =  C.20C25E  C2 
DV=  0.1 7548E  C2 
CV=  C.15069E  02 
0V=  G.12590E  C2 
DV=  C.1011CE  02 
DV=  C.76286E  Cl 
CV=  0.51468E  01 
DV=  0.26648E  Cl 
D V=  O.18292E-C0 
DV=  0.22999E  Cl 
DV=  0.4782CE  01 
DV=  0.72638E  01 
DV=  0.9745CE  Cl 
DV=  0.12225E  C2 
DV=  0.14705E  02 
DV=  0.17183E  C2 
DV=  0.1 966  IE  C2 
DV=  0.22136E  02 


Fit  I  )=  C.1745E-CC 
FII  I  )  =  0. 1571E-CC 
FII I )=  C . 1396E-C0 
FII I )=  C.1222E-00 
Fit  I >=  C.1047E—  OC 
FII I  )=  C.8727E-C1 
FII  I  )=  C.6981E-01 
Fit  I )=  0 . 5236E-01 
FKI)-  0.3491E-01 
FII I >=  0. 1745 E- 01 
FII I )=-0.745lE-08 
FKI  )=-0. 1745E-01 
FII I )=-0.349lE-0l 
FII I  )  =-C  . 5236E-C1 
FKI)  =-0 . 6981E-01 
FII I ) =-0  . 8727E-01 
FII I ) =-C . 1047E-0C 
FII I )  =-C . 1222E-00 
FII I )=- 0.1396 E-CC 


l**5 
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1  V»  C  —  S  T  EP  »  VARIABLE  COLL  IS  1CN  ANGLE  PROBLEM - MARS 

CLASS  A 

D VCN=  C.16564E-CO  RON=  C.11CCOE  01 


bR=C.2386E  03 
BR  =  C.2?.f;CE  C3 
BR  =  0 . 2242E  G3 
HR  =  C  .  2C66E  C3 
Bk  =  0 . 1828E  03 
bR=0 .  1534E  C3 
bk=0 . 1 I93t  03 
0R  =  C.8161C.  02 
8K=C.4143r  C2 
BR  =  0. 1778F-C4 
BK=C.4143E  02 
HR=C.8161E  02 
BR  =  C. 1193E  03 
BR=0 . 1534E  03 
bk=0 . 1828E  03 
Bk=0 . 2C66E  03 
BR=C  • 2242E  03 
BR=0 . 2350E  03 
bR=0 . 2386E  03 


CV=  C  •  1948  /E  C 3 
CV=  C.1/7G7E  C  3 
CV=  0.15793E  03 
0V=  U.13758E  C  3 
CV=  0.U619E  C 3 
DV=  C. 93911c  C 2 
CV=  Q.  70918c  C  2 
D V=  Q.47386E  C2 
CV=  0.23493 E  C2 
DV=  G.57952E  CO 
CV=  0.2464  /  E  C  2 
GV  =  0.4052/E  C 2 
DV=  C.72C37E  02 
CV=  C.95CCCE  C 2 
DV=  0.11724E  C  3 
DV=  0.13859E  03 
CV=  C.15888E  C 3 
DV=  0.17/96E  C  3 
DV=  0.19S69E  C  3 


F I (  I ) =  C.1571E  Cl 
FI (  1  )=  C.  1396E  Cl 
FI (  I  )*  C.122  2E  Cl 
F I (  I  ) =  C.1C47E  Cl 
Fit  I  ) =  C.872  7E  OC 
FI  (  I  )=  C.6981E  CC 
FI (  I)=  C.5  2  36E  CO 
Fit  I ) =  0 . 34 9 IE- CO 
FI ( I ) =  C.1745E-CC 
FI ( l )=-C.745le-C7 
Fit  I )=-C.l  745E-CC 
F 1 (  I )=— C. 3491E— CC 
F I ( I ) =- 0 . 5236E  CC 
FI ( I )=-C.698lE  CC 
Fit  I ) =-C .8  727E  CC 
FI ( I)=-C.1047E  Cl 
FI ( I)=— C.1222E  Cl 
FI ( I )=—  C.1396E  01 
FI ( I ) = -  0 . 1 5  7  1 E  Cl 


ThO-STEP.  VARIABLE  COLLISION  ANGLE  PROBLEM - MARS 

CLASS  A 

DVCN=  0 . 16584E-C0  RCN=  C.llOCOE  01 


BR  =  0 . 4 143E  02 
B8=G . 3733E  C2 
8R  =  0 . 332  IE  C2 
BR=C.2908E  C2 
BR  =  C  .  2494E  02 
88=0.2080 E  02 
8R-C  .  1664E  G? 
BR  =  C .  1249E  02 
BR=0.8327E  G1 
BR  =  0 .4  164E  Cl 
BR=0. 1778E-C5 
BR=0.4164E  Cl 
BK=0.8327E  01 
BR-C.  1249E  02 
BR=C . 1664E  02 
HK=0 . 2080E  02 
BR=0 . 2494E  02 
BR=0 . 2908E  02 
6R=C.33?IE  02 


0 V=  0.23493E  C2 
UV=  0.21C91E  02 
CV=  0.18687E  02 
CV=  0 . 16232fc  C2 
DV=  0.13875C  02 
DV=  0.11468E  C 2 
DV=  0.90593E  Cl 
CV=  0.665C3E  Cl 
CV=  0.42407E  Cl 
CV=  C.163C9E  Cl 
CV=  0.S7927E  CO 
CV=  C.29092E  Cl 
CV=  0.5399CE  Cl 
DV=  0.78C83E  Cl 
0V=  0.1021/E  02 
DV=  C.12625E  02 
CV=  0.15C32E  02 
DV=  0.17438E  C2 
0V=  0.19842E  C2 


F  I  t  I ) =  0.1745E-CC 
Fit  I  )  ■=  C.1571E-CC 
F  I  (  I  ) =  0.1 396E-CC 
Fill)—  C.1222E-C0 
F  1 1  I  )  =  C.  1047 E-CC 
FIII)=  C.8727E-CI 
F  1  (  I  ) =  C.6981E-C1 
F  I  (  I  )  =  0.S236E-C1 
F I (  I ) =  0.3491E-C1 
F  I  ( I ) =  C.  1745E-C1 
FI ( I )=-C. 7451E-C8 
FI ( I )=-0. 1745E-C1 
Fill ) =- 0 . 3491E— Cl 
Fill) =-C.5236E— Cl 
Fill) =-C.6981E— Cl 
FI ( I ) =-C . 872  7E-C 1 
Fill ) =-C. 1047E-CC 
Fill) =-C. 1222 E- CO 
Fill) =-C. 1396E-CC 
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IWC-STEP,  VARIADLE  COLLISION  ANGLE  PROBLEM - MARS 

class  e 

UVCM  C.26024E-00  SON=  C.llOCOE  01 


BR  =  C . 2634  E 

C  3 

CV=  0.103330 

C  3 

FI  (  I  )  = 

G.1571E 

Cl 

dK  =  0 . 2594E 

C  3 

CV=  0.16659E 

C  3 

FI  (  I  )  = 

C.1396E 

01 

BK=C . 2475E 

03 

CV=  0.14859E 

C  3 

Fit  I  )  = 

0.I222E 

01 

8R=0. 22816 

0  3 

DV=  0.I2945E 

C  3 

F I (  1  )  — 

C.1047E 

Cl 

Bk  =  G . 20 1  BE 

0  3 

CV=  0.10933E 

C  3 

F  I  (  I  )  = 

C.8727E 

oc 

l!R  =  C  .  1693E 

03 

DV=  0.88 3 8IE 

C  2 

F I (  I  )  = 

C.69eiE 

CO 

BR=0 . 1 3 17E 

C  3 

DV=  C.66755E 

C  2 

fi  m  = 

C.5236E 

CC 

BR=C . 9009E 

02 

DV=  0.44622E 

C  2 

FI (  I  )  = 

C.3491E- 

00 

6R=C.4574E 

02 

CV=  0.2214BE 

C  2 

FI  (  I  )  = 

C.  1745E- 

00 

BR=0 . 1963E 

-04 

0  V  =  C.49354E 

-CO 

FKIh- 

0. 7451E- 

C7 

Bi<  =  0.45740 

02 

DV=  0.2313IE 

C  2 

Fim=- 

0.17456- 

CO 

i!R=0 . 9C09E 

02 

DV=  0.45593E 

C2 

F I (  I  )=  — 

C.3491E- 

CC 

BR=C. 131 7E 

03 

DV=  0.67708E 

C  2 

Fill) =— 

C.5236E 

CC 

BR=0 . 1693E 

C  3 

DV=  0.893C80 

C2 

Fill) =— 

C . 698  IE 

00 

rs l<  =  0 . 20 1  BE 

03 

CV=  0.11023E 

C  3 

Fill) =— 

C.8727E 

CC 

BR=C . 2201E 

03 

D V=  0.L3031E 

03 

FII  I  )  =  - 

C.I047E 

Cl 

BR=C.2475E 

03 

CV=  0.I494C0 

C  3 

Fill) =— 

C.1222E 

Cl 

BR=C . 2594E 

03 

DV=  0.16735c 

C  3 

FI ( 1 )=- 

C.  I396E 

Cl 

bR=0 . 2634E 

03 

DV=  0.1840 3 E 

C  3 

FI (I)=- 

0.15  71E 

Cl 

T*0-STEP,  VARIABLE  COLLISION  ANGLE  PROBLEM - MARS 

CLASS  B 

D VCN=  0.26C24E-C0  RON  =  C.llOCOE  01 

6R=0.4574E  02  DV=  0.22149E  C2  F  I  C  I  )  =  Q.1745E-CC 

0R=O . 4 121 E  02  DV  =  C.19889E  C2  F I  l I  )  =  C.1571E-CC 

RK=0 • 3666E  02  0V=  C.1762BE  C2  FI(I)=  C.I39fcE-CC 

BR  =  0. 3210E  02  DV=  0.15366E  C2  F I  (  I  )  =  C.  1222E-00 

BR  =  0 . 275  3E  02  DV=  0.13102E  C2  F  I  (  I  )  =  C.1047E-CC 

8R  =  0 . 2296  E  02  DV=  0.L0838E  C2  Fl(I>=  C.8727E-CI 

B  R  =  0  . 1838E  02  CV=  C.35727E  Cl  F  1  (  I  )  =  C.6981E-01 

B  R  =  0  • 137 9 E  02  DV=  0.63C67E  Cl  F  I  (  I  )  =  C.5236E-C1 

BR=0.9193E  01  DV=  0.40403E  Cl  FI(I)=  0.3491E-01 

BR=C . 459  7  E  01  CV=  0.17736E  Cl  Fill)-  0.1745E-C1 

BR=0. 1963E-G5  CV  =  C.49354G-C0  Fill) =—  C . 7451 E— 08 

BR=0. 45970  Cl  GV  =  C.276C1E  Cl  FI(  I  )=—  C.1745 E—  0 1 

BK=0.9193E  01  UV=  0.50267E  Cl  F  I  (  I  )  =- 0 . 34 9 1E-C 1 

BR=0 .  1379E  02  DV  =  0.72929E  Cl  F  I  ( I  )  =- C . 52 36E-C 1 

BR-0 . 18  38E  02  CV=  C.9558tE  Cl  F 1 ( I  )  =-C . 698 1E-C 1 

3R  =  0  •  2296  E  02  DV  =  0.U824E  C2  Fill)  =-0 . 8727E-01 

BR  =  0 . 275  3  E  02  DV=  C.14C886  C2  F  I  (I)=-C . 1047E-CC 

BK=C . 32 10E  02  DV=  0.16351E  C2  F  I  (I)  =-C .  12220-CC 

BR  =  0 . 3666E  C2  DV  =  0.18612E  C2  F  1  (  I  )  =-C . 1 396E-CC 
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TkC-STEP»  VARIABLE  COLLISION  ANGLE  PROBLEM--  MARS 


CLASS  C 

D  VCN  =  G.51184E  CO 
BR=C .  2820E  C3 
BR  =  C  .2778E  C3 
BK  =  0 . 2650E  C 3 
BR=0.2443E  G  3 
BR  =  0 • 2 16  IE  C  3 
BR-0.1813E  03 
HK  =  0 . 14 10E  03 
BR=0 .9647E  02 
BR*C  •  4898E  02 
8R=0 . 2 10 1 E-04 
BR*0 .4898E  C2 
BR=0  .964 7 E  02 
BR=0.1410E  C 3 
BR=G  .  18 1 3E  03 
BR=0 .  216  1 E  03 
BR20 . 244  3E  03 
hR  =  0 . 2650E  03 
BR=Q .2778E  03 
BK=0 . 2820E  03 


RON=  C.11000E 
0V=  0.16687E  C  3 
DV=  C.15164E  C 3 
CV  =  0.13525E  C  3 
DV=  0.11784E  C  3 
CV=  0.99528E  C2 
DV=  0.80461E  C 2 
CV=  0.60781E  C2 
DV=  0.40638E  C2 
CV=  0.20186C  C 2 
CV=  0 .419430- CO 

cv=  C.21C21E  C 2 

CV=  0.41464E  C2 
CV=  0.6159CE  C2 
DV=  C.81248E  C2 
DV=  0.10029E  C  3 
DV=  0.11856E  C  3 
DV=  0.1 3594E  C  3 
QV=  0.15228E  C3 
CV=  0.16746E  C  3 


01 

Fill)*  0.1571E  Cl 
Fill)*  0.1396E  Cl 
Fill)*  C.1222E  Cl 
Fill)*  G.  1047E  Cl 
Fit  I  )=  C.8727E  CC 
F  I  ( I ) =  G.6981E  CO 
Fill)—  C.5236E  CC 
FIl  I  )=  0 . 3491E-C0 
Fill)*  C .  17  45E-00 
FIl  1  )=~C.7451E-C7 
Fill  )=-0.1745E-00 
FIl  1)=-0.3491E-CC 
FI(I) =-C . 52 36E  CC 
Fit  1 )=-C.698lE  CC 
Fill)  =-0. 8727E  CC 
Fill)  =-C . 1047E  Cl 
Fit  I )  =-C  .  12.22E  Cl 
Fit  1  )=— 0.  1396E  Cl 
Fim*-0.1571E  01 


TRC-STEP i  VARIABLE  COLLISION  ANGLE 


CLASS  C 

OVCN=  0.51184E  00 

6R=0.4898E 

02 

BK=0 .44 12E 

02 

BR*0. 3925E 

02 

BR=C.3437E 

02 

BK  =  0 . 2948E 

02 

BR=0 . 24  58E 

02 

BR»0 . 196  7  E 

02 

BR=0 . 14  76E 

02 

8R=0 .9843E 

01 

BR*0.4922E 

01 

BR-0.2101E- 

-05 

BR  =  0 .4922E 

Cl 

8R=0.9843E 

01 

BR=0 . 1476E 

G2 

BR=G • 1967E 

C2 

dR=0 . 24  58E 

02 

BR*0. 29486 

02 

BR=0.3437E 

02 

BR=C . 3925E 

C2 

RON*  C.11000E 
CV=  0.20186E  C 2 
0V=  0.1813CE  C 2 
CV=  0.1 607  3E  C  2 
0V=  0.14C14E  C 2 
DV=  0.11954E  02 
DV-  C.98930E  Cl 
CV=  Q.78315E  Cl 
DV=  0.57693E  Cl 
CV=  C.37067E  Cl 
0V=  0 . 16439  E  Cl 
CV=  0.41943  E-CO 
DV=  C.24821E  Cl 
D V=  0.4  5449  E  Cl 
0V=  Q.66C73E  Cl 
CV=  0 . 8 669 2 E  Cl 
DV=  0.10730E  C 2 
DV=  0.12791E  C  2 
DV=  0.1485CE  C2 
CV=  0.169C9E  C 2 


PRGBLEM - MARS 

01 

Fill  )  -  C.  1745E-CC 
Fill)*  C.1571E-CC 
Fit  I)  =  C.1396E-CC 
F  1 1 1 ) =  C . 1 222E-CC 
Fit  I)=  C.1047E-00 
Fill)*  C.8727E-01 
Fill)*  C.698LE-01 
Fill)*  C.5236E-01 
Fill)*  C.  3 491 E- 01 
Fill)*  C  .  1745E-C1 
Fill) *-C . 7451E-08 
FIl  I  )=-C. 1745E-01 
Fill  )  =  -0 . 3491E-C1 
Fll  1  )=-C.5236E-Cl 
Fit  I  )=-C.6981E-Cl 
FIl  I  )  =-C . 8727E-C1 
Fit  1  )=-C.1047E-CC 
Fill)  =-C. 1222 E-CC 
Fill) =-C . 1396E-CC 
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Program  2 

(longitudinal  cod  Transverse  Error  Velocity  Analyals) 
(Constant  Magnitude  Corrective  Impulse  Error  Analysis) 


(Time  to  Fericenter) 


GA/Phys/63-5,6 


OK 

GRN  COMPARISON  OF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 

DIMENSION  TITLE  l  ( 121, TITLE21 121.RPERI5) ,OR ( 5 ) , RPERN ( 5 ) 
CCUNT  =  0.0 

120  READ  INPUT  TAPE  2 , 202 , T I TLE I ,G ,R I N , RPLAN , M 

202  FORMAT  (  1 2 Afc , /4E 12.0) 

DUAL=0.0 

110  RE  AC  INPUT  TAPE  2 , 20 3 , T I TLE 2 , V  IN 

203  FORMAT  ( 12A6, /E12.0) 

DELV=W • 29 . 8 

E0=(VIN»VIN)/2.Q-G/RIN 
V  INF2  =  2.0»EC 
R0=2.0«G/VINF2 
RPERI 1 ) =  R  C 
•  CGUNT=C0UNT+1.0 
IF(C0UNT-8.C)2,2,3 

2  RPER(2T=1.1*RPLAN 
GO  TO  6 

3  RPER (21=6690.0 
6  AO=G/ ( 2 . *E0  T 

OG  40  1=1,2 

WRITE  OUTPUT  TAPE  3 , 301 , T  1  TLE 1 , T I TLE 2 

301  FORMAT  (12A6,/12A6> 

ECCG= ( RPER (  II/AOI  +  l.O 
BO*AO*SQRTF< ( ECCO*ECCO I- 1 .0 ) 

VC0=SQRTF(G»(2.0/RPER( I) ♦ 1.0/ AO n 

. HO-RRER( I 1*V00 

VCO=SORTF(G/RPER( I ) ) 

OVO=VOO-VCO 

DVON=DVO/ 29.8 

BON=BO/RPL AN 

RPERN ( I ) =RPER ( I ) /RPLAN 

AGN-AO/RPLAN 

WRITE  OUTPUT  TAPE  3, 3C2 , BON , AON, ECCC  . 

302  FORMAT  ( 1GX , 4HB0N=E1 1 . 4 , 5X , 4HA0N»E l 1 . 4 , 5X ,5HECC0»E1 l .4 ) 

DO  40TK=l,2 

R=R  I N 

SF  IC  =  HO/ ( R*V I N ) 

FIO=ASIN( SF10) 

I F ( K- 1 ) 20 , 20 , 2 l 

20  V0V2=VIN*V1N+DELV*DELV 
VGV=S0RTF(V0V2) 

FI«FIO+ATANF(CELV/VIN» 

WRITE  OUTPUT  TAPE  3,311 

311-  FORMAT  (  1CX, 16HTRANSVERSE  ERROR ,  /  13X ,  2HRN ,  1 1 X , 

16HDELRPN, 10X, 1HP.13X, 1HQ) 

GO  TO  22 

21  VCV= V  I N  +  DELV 
F I*F  10 

WRITE  OUTPUT  TAPE  3,310 

310- FORMAT  (  lGX, 18HL0NGI TUDINAL  ERROR  , / 1 3 X , 2HRN , 1 1 X , 
16HDELRPN,  10X , 1HP , 1 3X , 1H0 ) 

22  ATRU=(G»R)/(R*< VOV«VOV J-2.0*G) 

HTRU=R»VOV*SINF(FI ) 
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ETRU=G/(2.0*ATRU) 

BTRU=SURTF(  ( HT RU*HTRU ) / ( 2 . 0»ETRU >  ) 
ECTRU-SGRTFI <BTRU*BTRU> /( ATRU*ATRU)*1.0) 
RGTRU=ATRL*7ECTRU-1.  ) 

DELRPN=(RGTRU-RPER( I ) ) /RPL AN 

P IN*DELRPN/W 

RN=R/RPLAN 

OC=l.O 

WRITE  OUTPUT  TAPE  3 , 303  ,RN , OELRPN , P l N  ,QQ 
nRU  »  =  (RIN-RPER(  I  )  )  /  5 .0 
R=RPER ( I ) 

OG  AO  J=  L  ,  4 
R  =  R  +  DR (  1  > 

rn=r/rplaS 

VC=SQRTF(G*(2.0/R+1.0/A0)  ) 

SFIO=HO/(R*VO) 

F IOaAS INI SF  IQ  ) 

I F  (K-  l )  30 , 3C ,  3 1 

30  V0V2=V0*VC+DELV*DELV 
VGV=SORTF ( VCV2 ) 

FI=FIO+ATANFlDELV/VO) 

GG  TO  32 

31  VOVsVO+OELV 
F I *F  10 

32  ATRU=(G»P>  > /  ( R* » VOV • VOV >-2 . 0»G ) 
HTRU=R*VQV*S I NF ( F  I ) 

ETRU=G/I 2 .0«ATRU) 

B TRU=SOR T F ( ( HTRU*H TRU ) / 1  2 .0*ETRU ) > 

ECTRU  =  SOR  TF { ( BTRU*BTRU ) / ( ATRU*ATRU ) ♦ l .0 ) 
ROTRU= ATRU* ( ECTRU— l . ) 
nELRPN=(RCTRU-RPEK( I ) > /RPL AN 
P=OELRPN/W 
0=P/P  IN 

40  WRITE  OUTPUT  TAPE  3 , 303 , RN , OELRPN  ,  P  ,0 
303  FORMAT  ( V X , E 1 1 . 4 , 5X , 3 < E 1 1 . 4 , 4X  )) 

[DUAL-DUAL+1.0 
lF(CUAL-4. 0)110, 120, 120 
ENO 1 1 ,0-,  0 ,0,0,0, 1,0,0, 1,0, 0,0, 0,0) 
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GRH  VARU.rir.NS  CN  PLRl-APSIS  DISTANCE 

DIMENSION  1  I  TLL  1  (  12)  ,  1  IT LE2I  12  )  , RPLR(  5)  ,UR(5)  ,RPLRN(  5) 
COUN I=G. 0 

120  READ  INPU1  TAPE  2 , 202 , 1  I  TLE  1 , G , R l N , RPL AN , W 

202  FORMAT  (  L2a6,/4E  12.0) 

DUAL=U.u 

110  REAL  INPUT  TAPE  2 , 203 , T IT L E 2 , V I N 

203  FORMA!  ( 1 2 A6 , / t 1 2 . 0 ) 
b  E  L  V  =  W  *  2  9  .  o 

CU=(VIN»VIN)/2.G-G/RIN 

V  I  N!  2  =  2 . 0  *  c  0 

R(J  =  2 . 0  »G  /  V  1  NE2 

RPERf  1  >=RG 

COUNT  =  COUN 1+1.0 

l F (COUNI -a. 0)2, 2  ,  3 

2  RPER( 2 ) = 1 . 1*RPL AN 

GG  I G  0 

3  RPCRt  2 ) =6690. 0 
6  A0=G/(2.«EU) 

UU  VO  1=1,2 

WRITE  OUTPUT  TAPE  3 , 30  I , T  I  TIE  1 , T I TLL2 

301  FORMAT  (12A6./12A6) 

ECCC= ( RPEk(  I  ) / AO  )  +  1 .0 

B0= AU  +  SORT  F ( ( LCCO*tCCO )- 1 . 0 ) 

VOO=$QRTF(C»(2.0/RPER<  I)+I  .O/AO)  ) 

H0=  RP  E  R ( I ) *V00 
VCO=SQKTF(G/RPER(I )  ) 

DVOVOO-VCO 

DV0N=0VG/29.a 

BON=BO/RPL AN 

RPfcRNI  I  )=RPER(  1  )/:<PLAN 

WRITE  UUTPUT  TAPE  3 , 302 , BON , I , kPERN ( I ) , 0 VON 

302  FORMAT  ( 10X , 4HB0N=t 1 1 . 4, 5X , 6HRPERN ( , 1 1 , 2H )  =  , L 1 1 . 4 , 5X , 
15HOVON=EI1.4,/1HO, 12X.2HRN, 1 1 X , 6HUELRPN , I 2X , IMP, L4X.1HU) 

R=  R  I  N 

SFIO=HO/(K»VIN) 

FlU=ASlN(SEIO) 

V0V2  =  V IN*V  IN+0EIV*UEIV 
VOV  =  SOP,  I  F  (  V  OV  2  ) 

FI=F IU  +  AT  AwF  ( OELV/VIN  ) 

ATRU=(0*R)/(R«(  VC1V*VOV)-2.0»G) 

HTRU  =  R*VOV*SINF(FI  ) 

ETRU=G/(?.0*A1RU) 

BTRU  =  SNR  T F ( ( HTRU *HTRU ) / ( 2 . 0*C TR U  )  ) 
tC  Ti<U  =  SGRTP(  (  Bl  RU*bTRU  )  /  (  A  TRU*  ATRU  )  + 1 . 0  ) 

ROT RU  =  A T RU* ( ECTRU-I.  ) 

DELRPN= ( ROIRU-RPERl I ) ) /RP  L  AN 
P 1 N  =  D  E  LR  PN/W 
RN  =  K/ RPL  AN 
Q0= l .  0 

WRITE  OUTPUT  TAPE  3 , 303, RN , DELRPN , P IN , 00 
DR  (  I )  =  ( R I N-RPCK ( I  )  1/20.0 
K=  RPF R (  I  ) 
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00  4C  J -  1  f  I 'V 
R=R+DK (  I  ) 

_  RN=R/RPLAN 

vg=soktf(g*(2.o/k+i.g/ao) ) 

SF  I0  =  HU/ <  R*V0 ) 

FlO=ASIN( SF IU) 

VOV2  =  VO*VCH)LLV*OFLV 
VGV=SGRTF( VGV2) 

FI=F  I0+ATAi,F(0ELV/V0) 

A 1  RU= ( G*R ) / ( R* (  VtJV*  VOV  )  -  2.0*0) 
HTRU=R*VCV*S INF  (FI) 

ETRU  =  G/  ( 2 . 0  *  A  T  R  U ) 

BT  RU  =  SQRTF {  (  H TRU»HTRIJ )  /  (  2 . 0*E  TRU  )  ) 

EOT RU=  SORT  F ( l bT RU*BTRU ) / ( A TRU* A TRU )  + 1 . 0  ) 
ROTRU=ATRO«<  ECTRU-1  .  ) 

OELRPN- ( ROTkU-RPER ( I ) )  /  R  P  L  A  N 
P  =  OELRPi\i/« 

Cj=P/PIN 

40  WRITE  OUTPUT  TAPE  3 , 303 , RN , DEIRPN , P , Q 
303  FORMAT  ( 9X , E 1 1 . 4 , 5X , 3 ( E 1 1 . 4 , 4X ) ) 
wRITfc  OUTPUT  TAPE  3,365 
365  FORMAT  <lhl) 


00 

70 

>1=1,5 

GO 

TO 

(61, 62, 63, 64, 65), M 

61 

X=0 

.1 

GO 

TO 

66 

62 

X=G 

.25 

GU 

TO 

66 

63 

x*o 

.5 

GO 

TO 

66 

64 

x=o 

.75 

GO 

TO 

66 

65 

X=l 

.0 

66  FP=(KPERN(I)-l.C)/( 10.0*W*X) 

FQ=FP/P  IN 
FM= 1 . 0/ FG 
0N=2.0*LGGF(FM) 

N=ON 

tlst=n 

C0MP=0N-TL5T 
I F ( COM P-0 . 3)68,68,67 
67  N=N+ 1 

68  NOP  T=N 

WRITE  OUTPUT  TAPE  3 , 304 , M , FQ , F M, NOPT 
304  FORMAT  ( IHA, 9X, 2HM=I 1 , 2X , 3HFQ=E ll.4,6X , 3HFM=E l 1 . 4 ,6X , 
15HN0P  T  —  I2,/11X, 1HN.3X, 11HRE0.  FACTOR, 5 X, 1 IHMUL T. FAC  TOR , 
24X, 5HSUM/W, 10X, BHSUM/29.8) 

N=N*1 

DO  70  1*1,5 
N=N-l 

IF(N)70, 70,71  . 

71  YY=N 

Y=l.O/YY 

_SUM=(  SQKTF  (YY  ) )»(FM«*Y) 
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R  EO- F  u  *  * Y 
T  =  1  .  0  /  H  E  L'. 

SUF:2=SUM/?9.  d 

MU  IE  OUTPUT  TAPE  3 , 305  ,  fM  ,  RFD  ,  1  ,  SUM ,  SUM2 
305  FORT, AT  (  10*  ,  I  2  ,  3X  ,  4  (  C  1 1 . 4 ,  AX  )  ) 

70  CONTINUE . 

DUAL  =  UU AL  +  1 . 0 

1  F  ( l  l.AL-A.u)  110,  120,  120 

h  Ni .)  (  1  ,0,-0, 0,0,0,  1,0,0, 1,0, 0,0, 0,0) 
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GRH  TIME  TO  PERt-APSIS  IN  MINUTES 

DIMENSION  TITLE!!  12) 
l 10  REAO  INPUT  TAPE  2 » 203 , G , R I N , RPLAN 
203  FORMAT  ( 3E10.0) 

DUAL=0 . 0 
120  00  11  1=1,2 

REAO  INPUT  TAPE  2 , 202 , AON , ECCO ,RPERN , NN , J J , T I  TIE  1 
202  FORMAT  < 3E 10 . 0 , 2  I  5 , / 1 2A6 ) 

IF ( J J ) 2, 2 , 3 

2  GO  TO  LI 

3  N  1  =  0 

A  =  AQN*RPL  AN 

TTT=I A**1.5)/S0RTF!G) 

COSHFI=! 1.0/ECCO)»(1.0+RIN/AON) 

C0SH2=C0SHFl«C0SHFI 
SINHFI=SQRTF(COSH2-1.0) 
FI=L0GF(C0SHFI+SQRTF(C0SH2-1.0) ) 
TT=TTT*(ECC0*SINHFI-F1)*I L.0/60.0) 

TT 1=TT 
N=NN 

00  10  J=1,JJ 

WRITE  OUTPUT  TAPE  3,304 

304  FORMAT  I 1H2 , 9X , 3 1HT I  ME  FROM  PERI-APSIS  IN  MINUTES) 
DT=0.0 

TT-TTl 

REAO  INPUT  TAPE  2,201,0 
201  FORMAT  IE10.0) 

N  =  N*l 

WRITE  OUTPUT  TAPE  3, 305 , T I TLE 1 ,N , N1 , R IN , TT 1 , DT 

305  FORMAT  1 1 2Afa, / 10X , 1 2 , 2X , loHCORREC T ION  STEPS, 

1/UX,  1HN.5X.5HRANGE,  11X,4HTIME,BX,10HDELTA-TIME, 
2/10X, I2,2X,E11.4,2(4X,E11.4)  ) 

00  10  K=l,N 

RN=!RIN-RPERN)MQ»*K)+RPERN 
C0SHFI  =  (  1 .O/ECCO ) * ( 1 . O+RN/AON ) 

COSH2~COSHFl*COSHFI 

SINHFI=SQRTF(C0SH2-1.0) 

F l =LOGF l COSHF I+SQRTF I C0SH2- 1 • 0 ) ) 
T*TTT*lECCO«SINHFI-FI )*(  1.0/60.0) 

DT=TT-T 
TT  =  T 

WRITE  OUTPUT  TAPE  3 , 303 , K ,RN , T ,DT 
303  FORMAT  ( 10X , 12, 2X , El  1 .4 , 2 ( 4X, E 11 . 4) ) 

10  CONTINUE 

11  CONTINUE 
DUAL  =  DUAL +-1.0 

IF! DUAL-4.0) 120, liO, 110 

END! 1,0,0,0,0,0,1,0,0,1,0,0,0,0,01 
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ITERATION  NUMBER  14 

266  .61 368571 E+02  .65164190E+01 
3  6  6  .85345 189E+02-.1 048791 OE+01 

466  .83703602E+02  .52751 590E+01 
566  .80649055E+02  .72502880E+01 
666  .79693043E+02  .88220270E+01 

ITERATION  NUMBER  15 

266  .51 339767E+02-. 28804000E-01 

3  6  6  .77532625E+02-. 781 25640E+01 

4  6  6  .84251769E+02  . 5481 670OE+OO 

566  .85209332E+02  .45602770E+01 
666  .85549536E+02  .58564930E+01 

ITERATION  NUMBER  16 

2  6  6  .47631 880E+02-.37078870E+01 

3  6  6  .74328679E+02-.32039460E+01 

466  . 847505 29E+02  .49876OOOE+OO 
566  .883091 44E+02  . 309981 20E+01 
666  .89347939E+02  .37984030E+01 

ITERATION  NUMBER  17 

2  6  6  . 4581 0482E+02-.1 821 3980E+01 

3  6  6  .72268586E+02-.20600930E+01 

4  6  6  .8491 5766E+02  . 16523700E+00 

5  6  6  .90204296F.+02  . 1 895 1 520E+01 

6  6  6  .91824796F.+02  .24768570E+01 

ITERATION  NUMBER  18 

3  6,  6-.  1  341  200E+03-.20638058E+03  .99188337E+00 

ITERATION  NUMBER  19 

2  6  6  . 8579'/480E+01  -.  351  301  78E+02 

3'  6  6  .46369107E+02  .180481  0E+03 

4  6  6  .76833670E+02  .2504171 3E+02 

666  .881 48656E+02  .24035820E+01 
666  .89534468E+02-.10191980E+01 

ITERATION  NUMBER  20 

266  . 34557 193E+02  . 25977445 E+02 

3  6  6  .51224439E+02  .48553320E+01 

4  6  6  .74969384E+02-.86428600E+00 

666  .86551 262E+02-.15973940E+01 
6  6  6  .89934059F.+02  . 399591  OOE+OO 

156. 
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TIME  FROM  PER  I -APS  I S  IN  MINUTES 

CLASS  til —  1/2  •  1 — H  VENIJS-OPT 

1  CORRECTION  STEPS 
N  RANGE  TIME 

0  0.1635E  03  0.5733E  04 

L  0.9883E  02  0.3353E  04 


DELTA-TIME 

0. 

0.238IE  04 
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COMPARISON  or  longitudinal  and  transverse  velocity  errors 

CLASS  »I  — 1/2-1 — h  VENUS 


RCN=  0.4159E 

01  AON=  0. 

7  3 1 3  E  01 

ECCO  = 

0.1150E 

01 

TRANSVERSE  c 

RROK 

RN 

OELRPN 

P 

0 

0.  L635E  03 

0.1518E  01 

0. 1076E 

C4 

0. 1000E 

01 

0.3357E  02 

0 . 2  704E-00 

0. 1918E 

03 

0.  1782E 

-00 

0.66C4E  u 2 

0 . 5556E  00 

0.3940E 

C3 

0.3661E 

-00 

C . 9052E  02 

0.8596E  00 

0.6096E 

C3 

0.5664E 

00 

0. 1310E  03 

0.1181E  01 

0.83  75E 

C  3 

0. 778CE 

00 

LONGITUDINAL 

ERROR 

RN 

OELRPN 

P 

0 

0.1635E  03 

0 . 2855E-Q1 

0.2024E 

C2 

0. 1000E 

01 

0.3357E  02 

0.2418E-0L 

0. 1715E 

C2 

0.8472E 

00 

0.6604E  02  ' 

0.2667E-01 

0. 1852E 

C2 

0.9345E 

00 

0.00520  02 

0.27676-01 

0. 1963E 

02 

0.9694E 

00 

0. 1310E  03 

0 .2821E-01 

0.2C01E 

C2 

0.9882E 

00 

VARIATIONS  CN  PERI-APSIS  D I  ST  ANCE  — VENUS 


CLASS 

81— 1/2 

.  1  — H 

6C!N=  0. 

4  1 5  9  E  01 

RPERN I  2 )  = 

0.110CE 

01 

D VON=  0.LO83E 

RN 

OELRPN 

P 

Q 

0. L635E 

03 

O.1510E  01 

0. 1076E 

C4 

0.1000E  01 

0.9218E 

01 

0 . 6935E-G  l 

0.49I8E 

02 

0 . 4569E-01 

0. 1734C 

02 

0. 1353E-00 

0.9593E 

C2 

0.8912E-01 

0.2545E 

02 

0. 2023E-00 

0.1434E 

C3 

0. 1333E-00 

0.3357E 

02 

0. 2704E-00 

0.1918E 

03 

0. 1782E-00 

0.4169E 

02 

0. 3399E-00 

0.2411E 

C3 

0 . 2239E-00 

0.4981E 

02 

0. 4106E-00 

0.2912E 

C3 

0.2  705E-00 

0.5  /93E 

02 

0. 4U25E-00 

0.3422E 

C3 

0. 3179E-00 

0.6604E 

02 

0.5556E  00 

0.3940E 

C3 

0. 3661 E -00 

C.7416E 

02 

0.6299E  00 

G.4467E 

C  3 

0.415CE-00 

0.8228E 

02 

0.7C53C  00 

0.50C2E 

C3 

0. 4647C-00 

0.9040E 

02 

0.7819E  00 

0.5545E 

C3 

0.5152E  00 

0.9852E 

02 

0.8596E  00 

0.6096E 

C3 

0.5664E  00 

0. 1066E 

03 

0.9383E  00 

0.6655E 

03 

0.6183E  00 

0.1148E 

03 

0.1C18E  01 

0.7221E 

C3 

0.6708E  00 

0. 1229E 

03 

0.1C99E  Oi 

0.77S4E 

C3 

0.7241E  00 

0. 1310E 

03 

0.1181E  01 

0.8375E 

C  3 

0.778CE  00 

0. L391E 

03 

0.1264E  01 

0.8962E 

C  3 

0.8326E  00 

C.1472F. 

03 

0.1347E  01 

0.9556E 

C3 

0.8878E  00 

0.  1553E 

03 

0.1432E  01 

0. 1016E 

C4 

0.9436E  00 
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M=i 

F0=  0.6589E-01 

FM= 

0.1518E 

02 

NCPT= 

5 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

5 

0 . 580 AE  00 

0. 1723E 

01 

0.3852E 

01 

0. 1293E-00 

~4 

0.5066E  00 

0.1974E 

01 

0.3948E 

01 

0.1 32  5E-00 

3 

0 . 4039E-00 

0.2476E 

01 

0.4288E 

01 

G.1439E-0Q 

2 

0 . 2567E-00 

0.3896E 

01 

0.5509E 

01 

0. 1849E-00 

1 

0.6589E-01 

0. 1518E 

02 

0. 1S18E 

02 

0.5093E  00 

M=2 

FQ=  0 . 2636E-0 1 

FM  = 

0.3794E 

02 

N0PT= 

7 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

7 

0.5949E  00 

0.  168  IE 

01 

0.4448E 

01 

0. 1493E-00 

6 

0.5455E  00 

0. 1833E 

01 

0.4490E 

01 

0. 1507E-00 

-5 

0.4833E-00 

0.2069E 

01 

0.4627E 

01 

0.  1553E-C0 

4 

0.4029E-00 

0.2482E 

01 

0.4964E 

01 

0. 1666E-00 

3 

0.29  76E-00 

0.3360E 

01 

0.5820E 

01 

C.  1953E-00 

M=  3 

FQ=  0.1318E-01 

FM  = 

0.7589E 

:  02 

NOPT  = 

9 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

9 

0.6181E  00 

0.1618E 

01 

0.4853E 

01 

0. 1629E-^0 

8 

0. 582  IE  00 

0.17L8E 

01 

0.4859E 

01 

C.  1631E-00 

7 

0 . 6388E  00 

0. 1856E 

01 

0.4911E 

01 

0. 1648E-00 

^6 

0 . 4860E-00 

0.2058E 

01 

0.5C40E 

01 

0.1691E-00 

5 

0 . 4207E-00 

0.2377E 

01 

0.5315E 

01 

0.1784E-0G 

M=4 

FQ=  0 . 8785E-02 

FM= 

0.1138E 

03 

NOPT= 

9 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

9 

0.5909E  00 

0.1692E 

01 

0.5C77E 

01 

C . 1704E-C0 

8 

0.5533E  00 

0. 1807E 

01 

0.5112E 

01 

0. 1715E-00 

7 

0.508SE  00 

0. 1967E 

01 

0.5204E 

01 

C. 1746E-00 

6 

0 . 4542E-00 

0 . 220  IE 

01 

0.5392E 

01 

0.181 0E-00 

5 

0. 3879E-00 

0.2578E 

01 

0.5764E 

01 

C. 1934E-00 

M=  5 

F(J=  0 . 6589E-02 

FM  = 

0.1518E 

03 

nop  r= 

10 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

10 

0.6052E  00 

0. 16S2E 

01 

0.5225E 

01 

0. 1753E-00 

9 

O.S723E  00 

0.1 T47E 

01 

0.5242E 

01 

0. 1759E-00 

8 

0.5338E  00 

0. 1873E 

01 

0.5299E 

01 

0. 1778E-00 

7 

0.488CE-00 

0.2049E 

01 

0.5422E 

01 

0. 1819E-00 

6 

0 . 433CE-00 

0.2310E 

01 

0.5657E 

01 

0. 1898E-00 

159 


GA/Pbye/63-5,6 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  ai--l/2,l--H  VENUS-CLOSE 

6  .  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0. 1635E 

03 

0.5510E 

04 

0. 

l 

0.7I42E 

02 

0.2183E 

04 

0.3326E 

04 

2 

0.3155E 

02 

0.8355E 

03 

0. I348E 

04 

3 

0. 1428E 

02 

0.3156E 

03 

0.5200E 

03 

4 

0.6809E 

01 

0.1245E 

03 

0. 1911E 

03 

5 

0.3572C 

01 

0.5486E 

02 

0.6959E 

02 

6 

0.2L70E 

01 

0.2787E 

02 

0.2700E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI  —  1/2.1--H 
a  CORRECTION  STEPS 
N  RANGE 

0  0.  1635  E  03 

L  0.8779E  OP 

2  0.4737E  02 

3  0.2580E  02 

4  0.1429E  02 

5  0.8138E  01 

6  0.4857E  OL 

7  0.3106E  01 

8  0.2171E  01 


VENUS-CLOSE 


TIME 

0.55 10E  04 
0.2762E  04 
0.1356E  04 
0.6548E  03 
0.3156E  03 
0.1558E  03 
0.8124E  02 
0.4572E  02 
0.2787E  02 


DELTA-1  1  ME 

0. 

0.2748E  04 
0.I406E  04 
0.7011E  03 
0.3392C  03 
0.1598E  03 
0.7458E  02 
0.3552E  02 
0.1785E  02 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  01  —  1/  2  » I  —  H  VENUS-CLOSE 

10  CORRECTION  STEPS 


N 

RANGE 

TIME 

CELTA-TIME 

0 

0. 1635E 

03 

0. 5510E 

04 

0. 

1 

0.9938E 

02 

0. 3176E 

04 

C.2334E 

04 

2 

0.6058E 

02 

0. 1806E 

04 

0.1369E 

04 

3 

0.37I0E 

02 

0.1015E 

04 

0.7916E 

03 

4 

0.2289E 

02 

0. 5656E 

03 

0.4493E 

03 

5 

0. 1429E 

02 

0. 3156E 

03 

0.2500E 

03 

6 

0.9080E 

01 

0. 1788E 

03 

0. 1368E 

03 

7 

0 . 5929  E 

Cl 

0. 1045E 

03 

0.7428E 

02 

8 

0.4023E 

01 

0 . 639  IE 

02 

0.4062E 

02 

9 

0.2869E 

01 

0.4115E 

02 

0.2276E 

02 

10 

0.2170E 

01 

0.2787E 

02 

0. 1328E 

02 

160 


GA/Phys/63-5,6 


COMPARISON  CF  LONG  l  T  UfJ  I N  AL  AND  1  RANSVERSE  VELOCITY  ERRORS 
CLASS  EX - C.O - A  VENUS 

OON=  0.3026C  Cl  AON  -  0.1070L  Cl  ECC0=  0.3000E  01 

TRANSVERSE  F.RROR 


RN 

DELRPN 

P 

0 

0.1635E 

03 

0.9359E  00 

U.6637E 

C3 

0. 1000E 

01 

0. 3440E 

02 

0. 1943E-0C 

0.1378E 

C3 

0.2076E- 

00 

0.6667E 

02 

0 . 37  86E-C0 

0.2685E 

C  3 

0.4045E- 

■00 

0.9893E 

02 

0.5C36E  00 

0.3997E 

C  3 

0.6023E 

00 

0.1312E 

03 

0.7494E  00 

0 . S3  1SE 

03 

0.8008E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

0 

0. 1635E 

03 

0.8324E-02 

0.59C4E 

Cl 

0. 1000E 

01 

0. 3440E 

02 

0. 7724E-G2 

0.5478E 

01 

0.9279E 

00 

0.6667E 

02 

0.8088E-02 

0.5736E 

Cl 

0.9716E 

00 

0.9893E 

0  2 

,  0.8217E-02 

0.5828E 

Cl 

0.9872E 

00 

0. 1312E 

03 

0.8284E-02 

0.587SE 

Cl 

0.9951E 

00 

VARIATIONS  CN 

PERI-APSIS  DISTANCE— VENUS 

CLASS 

EX - 

C.O - A 

BON=  0. 

3026E 

Cl  RPERN ( 1 ) = 

0.2139E  0 

1 

DVON=  0.1664E 

RN 

DELRPN 

P 

Q 

0. 1635E 

03 

0.9359E  00 

0.6637E 

C3 

0.1000E  01 

0. 1U21E 

02 

0.5S54E-01 

0.3939E 

C2 

0.S934E-01 

0. 1827E 

02 

0. IC21E-00 

0.7240E 

02 

0. 1091E-00 

0.2C34E 

02 

0. 1.4  Q2E-Q0 

C.1051E 

C3 

0. 1584E-00 

0. 3440E 

02 

0. 1943E-00 

0.1378E 

03 

0. 2076E-00 

0.4247E 

02 

0.2403E-00 

0.17C4E 

C3 

0 . 2568E-00 

0.5054E 

02 

0.2863E-00 

0.2031E 

C3 

0. 3060E-00 

0.5860E 

02 

0. 3324E-00 

0.2358E 

C3 

0 . 3552E-00 

0.6667E 

02 

0.3786E-00 

0.2685E 

03 

0.4045E-00 

0.7473E 

02 

0.4248E-00 

0.3013E 

03 

0.4539E-00 

0.8280E 

02 

0 . 4  7  ICE-00 

0.3340E 

C3 

0.5033E  00 

0.9U87E 

02 

0.5173E  00 

0.3669E 

C3 

0.5527E  00 

0.9893E 

02 

0.5636E  00 

0.3997E 

C3 

0.6023E  00 

0. 1070E 

03 

0.6100E  00 

0.4326E 

03 

C.6518E  00 

0. 1 1 5 1 E 

03 

0.6S64E  00 

C.4656E 

C3 

0.7014E  00 

0. 1231E 

03 

0.7C29E  00 

0.4985E 

C3 

0. 751  IE  00 

0. 1312E 

03 

0.7494E  00 

0.5315E 

03 

0.8008E  00 

0. 1393E 

03 

0.7960E  00 

0.5645E 

C3 

0.8505E  00 

0.1473E 

03 

0.8426E  00 

0.5976E 

C3 

0.9003E  00 

0.1554E 

03 

0. 8892c  00 

0.63C6E 

03 

0.9501E  00 
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H-2  F(J=  0.48  7  0 1=  —  0  0  FM  =  0.20S3E  Cl  NCPT=  1 

N  RED.  FAC  I  OK  MULT. FACTOR  SUM/W  SUM/29.8 

i  0.487CE-00  C.2U53E  01  0.2C53E  01  C.6891E-01 


FQ=  0.243SE-00  FM=  0.4107E  Cl  NOPT=  3 

RED.  FACTOR  MULT. FACTOR  SUM/W  SUM/29.8 

0.6244E  00  O.lfaOlE  01  0.2774E  01  C.9308E-C1 

0.4935E-00  0.2027E  01  0.2866E  01  0.9617E-01 

0 . 24  3  5  E-OG  U.4107E  01  0.4107E  01  0.  1378E-C0 


M=4  FQ=  0.1623E-00  FM=  0.6160E  Cl  NOPT  =  4 

N  RED.  FACTOR  MULT. FACTOR  SUM/W  SUM/29.8 

4  0.6347E  00  0.1575E  01  0.3151E  01  0.1057E-0O 

3  0.54S5E  00  0.1833E  01  0.3175E  01  C.1065E-00 

2  0 . 4029E-0C  0.2482E  01  0.3510E  01  0.1178E-00 

1  0.1623E-00  0.6160E  01  0.6160E  01  C.2067E-00 


M=  5  F 0=  0.  1217 E -0  0  EM-  0.8214E  Cl  NOPT 

K‘  REC.  FACTOR  MULI.FACI'OR  SUM/W 

4  0.5907E  00  0.1o93E  01  0.3386E  01 

3  0 . 4956E-00  0.2C18E  01  0.3495E  01 

2  0.3489E-00  0.2866E  01  0.4C53E  01 

1  0.121 7E-00  0.8214E  01  0.8214E  01 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - 0,0-r— A  VENUS-OPT 

1  CORRECTION  STEPS 

N  RANGE  TIME  DELTA-TIME 

0  0.1635E  03  0.2343E  04  0. 

1  0.2178F.  02  0.2903E  03  0.2053E  04 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - C,0 - A  VENUS-OPT 

3  CORRECTION  STEPS 

N  RANGE  TIME  0F1TA-IIME 

0  0 . 1 635  E  03  0.2343E  04  0. 

1  0.8211E  02  0.U58E  04  0.  1185E  04 

2  0.4177E  02  0.5757E  03  0.5827E  03 

3  0.2178E  02  0.2906E  03  0.2852E  03 

TIME  FROM  PERI-APSIS  IN  M1NUIES 

CLASS  EX - 0,0 - A  VENUS-OPT 

4  CORRECTION  STEPS 

N  RANoE  TIME  DELTA-TIME 

0  0.1635E  03  0.2343E  04  0. 

1  0.9745E  02  0.1  381E  04  0..9620E  03 

2  0.5344E  02  0.8158E  03  P.9654E  03 

3  0.3  540E  02  0.-'.,;44c  0  '  i,.331TF  03 

4  0.2178E  C2  0.2906E  03  03 
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=  4 

SUM/29 . U 
0. 1136E-00 
0. 1173E-0O 
0.  I  36l)E-(n. 
0. 2756E-00 


M-  3 
N 
3 
2 
1 
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COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  EX - 0.0 - A  VENUS 

BCN=  0.1888E  01  AON  =  0.10/0E  01  ECCO=  0.2028E  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

0 

0.  IA35E 

03 

0.8901E  00 

0.6313E 

C3 

O.IOOOF. 

01 

0. 3357E 

02 

0. 1768E-00 

0.1254E 

03 

0. 1986E 

-00 

0.6604E 

U  2 

0.3516E-QG 

0.2494E 

C3 

0.3950E- 

-00 

0.9852E 

02 

0.5291E  00 

0.3752F 

03 

0.5943E 

00 

0. 1310E 

03 

0.7C87E  00 

C.5C26E 

C3 

0.7962E 

00 

LONGITUDINAL 

ERROR 

RN 

OELkPN 

P 

Q 

0. 1635E 

03 

0.6382E-02 

0.4526E 

Cl 

0.1000E 

01 

0.3357E 

02 

0.6064E-02 

0.4301E 

Cl 

0.9502E 

00 

0.6604E 

02 

0.6259E-02 

0.4439E 

01 

0.9807E 

00 

0.9852E 

02 

0.6327E-02 

0.4487E 

Cl 

0.9913E 

00 

0  •  13  ICE 

03 

0.6361E-02 

0.4511E 

01 

0.9967E 

00 

VARIATIONS  CN 
CLASS  EX— 
3CN=  O.1880E 

PERI-APSIS  DISTANCE— VENUS 

0.0 - A 

CL  RPERN ( 2 ) =  O.ilOCE  01 

DVON=  0.1718E 

RN 

0.1635E 

03 

DELRPN 

0.8901E  00 

P 

C.6313E 

C3 

Q 

O.IOOCE  01 

0.92L8E 

01 

0. 4737 E- 01 

0.3359E 

02 

0 . 532  IE-01 

0 . 1734E 

02 

0 • 9044E-0 1 

0.6414E 

02 

0. 1016E-00 

0.2545E 

02 

0. 1335E-C0 

0.9470E 

C2 

0. 1500E-00 

0.3357E 

02 

0. 1768E-00 

0.1254E 

03 

0 . 1986E-00 

0.4169E 

02 

0 . 2202E-00 

0.1562E 

C3 

0.2474E-00 

0.4981E 

02 

0.2638E-Q0 

0.1871E 

03 

0.2964E-00 

0.5793E 

02 

0. 3076E-00 

C.2182E 

C3 

0. 3456E-00 

0.6604E 

02 

0.3516E-00 

0.2494E 

03 

0.3950E-00 

0.7416E 

02 

0.3957E-00 

0.28C7E 

C3 

0 . 4446E-00 

0.8228E 

02 

0.4400E-00 

0.3121E 

C3 

0. 4943E-00 

0.9C40E 

02 

0 . 4845E-00 

0.3436E 

C3 

0.5443E  00 

0.9852E 

02 

0 . 529 IE  00 

0.3752E 

03 

0.5943E  00 

0.1066E 

03 

0.5738E  00 

0.4069E 

C3 

0.6446E  00 

0.1148E 

03 

0.6186E  00 

0.4387E 

C3 

0.6950E  00 

0.1229E 

03 

0.6636E  00 

C.47C6E 

C3 

0.7455E  00 

0.1310E 

03 

0.7087E  00 

0.5026E 

03 

0.7962E  00 

0.1391E 

03 

0.7539E  00 

0.5347E 

C3 

0.8469E  00 

0.1472E 

03 

0.7992E  00 

0.5668E 

C3 

0.8978E  00 

0.1S53E 

03 

0.8446E  00 

0.5990E 

C3 

0.9489E  00 
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M=  1 

FQ  =  0.H23E-00 

FM  = 

0.8901E 

Cl 

NOP  T  = 

4 

N 

RED.  FAC1UR 

MULT. FAC  TOR 

SLM/W 

SUM/29.8 

4 

0.5789E  00 

C.  1727E 

01 

0.3455E 

01 

0.  1159E-00 

3 

0 . 4  82  5  E-00 

0.2072E 

01 

0. 3590E 

01 

0. 1205E-00 

2 

0.3352E-00 

0.2984E 

01 

0.4219E 

01 

0. 1416E-00 

l 

0. 1 123E-00 

0.8901E 

01 

0.8901E 

01 

C.2987E-00 

M=  2 

FQ=  0. 4494E-01 

FM  = 

0.2225E 

C  2 

NOPT  = 

6 

N 

RED.  FACTOR 

MULT. FAC  TOR 

SUM/W 

SUM/29.8 

6 

0.5963C  00 

0. 1677E 

01 

0.4108E 

01 

0. 1379E-00 

5 

0.3377E  00 

0. 1860E 

01 

0.4159E 

01 

C. 1396E-00 

4 

U . 4604E-00 

0.2172E 

01 

0.4344E 

01 

0. 1458E-00 

3 

0. 3S55E-0C 

0.2813E 

01 

0.4872E 

01 

0.  1635E-0*.; 

2 

0.2  12CE-00 

0 . 4  7  1  7  E 

01 

0.6671E 

01 

C.2239E-00 

M=3 

N 

8 

7 

6 

5 

4 


M  =  4 
N 
8 
7 
6 


F0=  0.2247E-01 

FM  = 

0.4451E 

02 

NOPT  = 

8 

RED.  FACTOR 

MUL  f .FACTOR 

SUM/W 

SUM/29.8 

0.6222E  00 

C. 1607E 

01 

0.4546E 

01 

0.1525F  00 

0.5814E  00 

0. 1720E 

01 

0.4550E 

01 

0. 1527E-C0 

0.5312E  00 

0. 1883E 

01 

0.461  IE 

01 

0. 1547E-00 

0.4681E-00 

0.2136E 

01 

0.4777E 

01 

0  .  1 6  0  3  E  -  0 !" 

0. 3872E-00 

0.2583E 

01 

0.5166E 

01 

0. 1733E-C0 

FQ=  0. 1498t-01 

FM= 

0.6676E 

C2 

NOPT  = 

8 

RED.  F  AC  1  OR 

MUL  T .FACTOR 

SUM/W 

SUM/29.8 

0.5915E  00 

0. 1691E 

01 

0.4782E 

01 

0. 1605E-00 

0.5487E  00 

0. 1822E 

01 

0.4822E 

01 

0. 161BE-00 

0 . 4965E-00 

0.2014E 

01 

0.4934E 

01 

0. 1656E-00 

C.4316E-00 

0.2317E 

01 

0.5181E 

01 

0. 1738E-00 

0. 3498E-00 

0. 2858E 

01 

0.5717E 

01 

0. 1918E-00 

M  =  5 

FQ=  0.U23E-01 

FM  = 

0.8901E 

C2 

NOPT  = 

9 

M 

RED.  FACTOR 

MULT. FAC  TOR 

SUM/W 

SUM/29.8 

9 

0.6073b  00 

0. 1647E 

01 

0.4S40E 

01 

0. 1658E-00 

8 

0.5706E  00 

0. 1 T53E 

01 

0.4957E 

01 

0. 1663E-00 

7 

0.5266E  00 

0. 1899E 

01 

0.5C24E 

01 

C  .  1686E-00 

6 

0.4732E-0U 

0.21 13E 

01 

0.5176E 

01 

0. 1737E-00 

5 

0.407  5E-00 

l . 2484E 

01 

0.5488E 

01 

C.  1841E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 A  VENUS-CLOSE 

5  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.  I635E 

03 

0.2337E 

04 

0. 

1 

0.6728E 

02 

0.9380E 

03 

0. 1399E 

04 

2 

0.2807E 

C  2 

0.3750E 

03 

0.5630E 

03 

3 

0. 1209E 

02 

0.L515E 

03 

0.2235E 

03 

4 

0.5578E 

01 

0.6423E 

02 

0.8725E 

02 

5 

0.2925E 

01 

0.3009E 

02 

C.34I4E 

02 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX — 

/ 

-0,0 - A  VENUS- 

CLOSE 

7 

CORRECTION  STEPS 

N 

RANGE 

TIME 

DELTA-TIME 

0 

0.1635E 

03  0.2337E 

04 

0. 

1 

0.8662E 

02  0.I218E 

04 

0.1U9E 

04 

2 

0.4613E 

02  0.6331E 

03 

0.5851E 

03 

3 

0.2482E 

02  0.3289E 

03 

0.3042E 

03 

4 

0.1359E 

02  0. 172  IE 

03 

0.1569E 

03 

5 

0.7676E 

Cl  0.9187E 

02 

C.8018E 

02 

6 

0.4563E 

01  0.5107E 

02 

0.4080E 

02 

7 

0.2924E 

01  0.3007E 

02 

0.2100E 

02 

TIME 

FROM  PERI- 

APSIS  IN  MINUTES 

CLASS  EX— 

-0, 

0 - A  VENUS- 

CLOSE 

9 

CORRECTION 

STEPS 

N 

RANGE 

TIME 

OELTA-TIME 

0 

0.1635E 

03 

0.2337E 

04 

0. 

l 

0.9973E 

02 

0. 1409E 

04 

0.9289E 

03 

2 

0.6100E 

02 

0.8472E 

03 

0.5613E 

03 

3 

0.3747E 

02 

0.5090E 

03 

0.3382E 

03 

4 

0.2319E 

02 

0.3060E 

03 

0.2030F 

03 

5 

0.1452E 

02 

0. 1848E 

03 

0.1212E 

03 

6 

0.9247E 

01 

0.1129E 

03 

0.7194F 

02 

7 

0 . 6048  E 

01 

0.7037E 

02 

0.4253F 

02 

8 

0.4I05E 

01 

0.4518E 

02 

0.2519E 

02 

9 

0.2925E 

01 

0.3008E 

02 

0.1509E 

02 
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VARIATIONS  CN  PERI-APSIS  0! STANCF-- VENUS 
CLASS  hX - C  «  Q - C 

BON=  0 . 8  5  7  5  E  CO  RPERN(1)=  0.60636  00  DVON=  0.3L26E-00 


COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 


CL  ASS 

EX - C. 

0 - C 

VENUS 

BCN=  0. 

137CE  Cl 

AON  =  0. 

3  0  3  2  E  -  0  0 

ECCO= 

0.4628E 

01 

TRANSVERSE  ERROR 

R\l 

DELRPN 

P 

Q 

0.  16  35E 

03 

0.5123E  00 

C. 3633E 

C  3 

0. 100CE 

01 

0 . 3  3  5  7  E 

02 

0. 1C46E-00 

0.7420E 

C  2 

0.2042E 

-00 

0. 6604E 

02 

0. 2062E-00 

C.1463E 

C  3 

0.40266 

-00 

0.9852E 

02 

0.3081  f: -  00 

0.21B5E 

C  3 

0.6014E 

00 

C. L3106 

0  3 

0.4 LOIE-CO 

0.29C8E 

C  3 

0. 8C05E 

DO 

LONGITUDINAL  ERROR 

KN 

/ 

DELRPN 

P 

Q 

0.  1635E 

03 

0. 1497E-02 

0 . 1062E 

Cl 

0. 1000E 

01 

0.3357E 

02 

0. 14476-02 

0. 1026E 

C  1 

0.96696 

00 

0.6604E 

02 

0. 147QE-02 

0.1048E 

Cl 

0. 9873E 

00 

0.9852E 

02 

0. 1488E-G2 

0 . 1056E 

C  1 

0.9943E 

00 

0.  I3L0E 

03 

0.14046-02 

0. 10596 

01 

0. 99796 

00 

VARIATIONS  CN  PERI-APSIS  DISTANCE- -VENUS 


CLASS 

EX- 

-C.0 - C 

BON=  e. 

13706 

01  RPERNl 2  )  = 

0.  110CE  i 

01 

0 VON=  0.31866 

RN 

06 L KPN 

P 

Q 

0.  1635L 

03 

0.51236  00 

C.  36336 

C  3 

0.1000E  01 

0 . 9  2  1 8  E 

01 

0. 28416-01 

0.20156 

C2 

0. 55476-01 

0.  1  7346 

02 

0.5386E-01 

0.3820E 

02 

0. 105  IE -00 

0.25456 

02 

0.  '79246-01 

0.56206 

C2 

0. 15476-00 

0. 3357E 

02 

0. 1C 466-00 

C.7420E 

02 

0. 2042E-00 

0.4169L 

02 

0. 1 3008-00 

0.9220E 

C  2 

0. 2538E-00 

0.4981E 

02 

0. 15546-00 

0.11C2E 

C  3 

0.30346-00 

0 . 5  7  9  3  E 

02 

0. 18086-00 

0.1282E 

C  3 

0.35306-00 

0.6604L 

02 

0. 2 Of.  M.--00 

0. 146.36 

C  3 

0 . 402  6L-0u 

0.7416E 

02 

0. 2 31 76-00 

C.I6.43C 

C  3 

0 . 4  32  3F  -<JU 

0.8228C 

02 

0.25716-00 

C.  10246 

C  3 

0.5019!"  00 

0 . 9040  E 

02 

0.2  R?6E~  00 

0.20U4E 

C  3 

0.5516C  00 

0.98526 

02 

0.  368  I  L'-OO 

0.2  i  .156 

C  3 

0.60146  00 

0.  10666 

03 

0.3  3UC  00 

C.2366E 

C  3 

0.65116  Ou 

0. L14HE 

03 

0.  3 50  1  6.-00 

U.2546E 

C  3 

0.70096  00 

0. 1229E 

03 

0.38466-00 

0.2727F 

C  3 

0.7507E  00 

0. 1 3  ICE 

03 

0.41016-00 

0.29C8E 

C  3 

0.80056  on 

0.13916 

03 

0.43566-00 

0. 3089E 

C  3 

0.8504E  00 

0.14726 

03 

0.46126-00 

0.327  IE 

C  3 

0.9002E  Oo 

0. 1353C 

03 

0.486  76-00 

0.3452E 

03 

0.950  IE  Oo 
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M=1  FQ  =  0.1952E-00 
N  RED.  FACTOR 

3  0 .580  IE  00 

2  0.44 1 8E-00 

1  0 . 1952E-0G 


FM  =  0 . 5. 1 2  3  E  Cl 
MULT. FACTOR  SUM/W 

0.1724E  01  0.2986E 

0.2263E  01  0 . 320 IE 

0 . 5  1 2  3  E  01  0.5123E 


NDPT  = 

3 

SUM/29.8  . 

01 

C.  1002E-00 

01 

0. 1074E-00 

01 

0. 1719E-00 

M=2  F0=  0 . 7809C-0  1 

N  RED.  FACTOR 

5  0.6005E  00 

4  G.5286E  00 

3  0.42  74E-0C 

2  0 . 2794E-0C 

l  0 . 7809E-01 


FM  =  0.1281E  02 


MULT. FACTOR 
0.1665E  01 
0.1892E  01 
0.2340E  01 
0.3579E  01 
0.1281E  02 


NOPT  = 


SUM/W 

0.3724E  01 
0.3783E  01 
0.4C52E  01 
0.5C61E  01 
0.1281E  02 


5 

SUM/29.8 
0. 1250E-00 
0.1270E-00 
0. 1360E-00 
C. 1698E-00 
0 . 4298E-00 


M-=  3  FQ=  0 . 39C4E-0 1 
N  RED.  FACTOR 

6  0.5824E  00 

5  0.5228E  00 

4  0.4445E-00 

3  0 . 3392E-00 

2  0 . 1976E-0C 


FM  =  0.2561E  C2 


NOPT  = 


MULT. FACTOR 
0. 1717E  01 
0.1913E  01 
0.2250E  01 
0.294BE  01 
0 . 506 IE  01 


SUM/W 

0.4206E  01 
0.4277E  01 
0.4499E  01 
0.5106E  01 
0.7157E  01 


6 

SUM/29.8 
0.141 lE-Oo 
C.1435E-00 
0. 1510E-00 
0. 1713E-00 
0 . 2402E-00 


K=4  FQ=  0 . 2603E-0 1 
N  RED.  FACTOR 

7  0.5938E  OC 

6  0.5444E  00 

5  0 . 482CE-00 

4  0.40  1 7E-00 

3  0.2964E-00 


FM=  0.3842E  C2  NOPT=  7 


MULT. FACTOR 
0.1684E  01 
0.1B37E  01 
0.2074E  01 
0.2490E  01 
0.3374E  01 


SUM/W 

0.4456E  01 
0.4500E  01 
0 . 4fc39E  01 
0.4979E  01 
0.5844E  01 


SUM/29.8 
C. 1495E-00 
0 . 15 10E-00 
0. 1557E-00 
0.1671E-00 
C.  1961E-00 


4 


M=  5  FQ=  0. 1952E-0 l 
N  RED.  FACTOR 

8  0.6114E  00 

7  0.5699E  00 

6  C.5189E  00 

5  0.455  IE-00 

4  0. 3738E-00 


FM=  0.5123E  02  NOPT=  8 


MULT. FACTOR 
0.1636E  01 
0.1755E  01 
0.1927E  01 
0.2L97E  01 
0.2675E  01 


SUM/W 

0.4626E  01 
0.4643E  01 
0.4721E  01 
0.4913E  01 
0.5351E  01 


SUM/29.8 
0.1552E-00 
C.1558E-00 
0. 1584E-00 
0. 1649E-00 
0. 1796E-00 
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TIME  FROM  PEKl-APSIS  I N  MINUTES 


CLASS  EX - 0,0 - C 

A  CORRECTION  STEPS 

N  RANGE 

0  0.16355  03 

1  0.6  Id  IE  02 

2  0.2379E  02 

3  0.9582E  01 

4  0 . 4?  7 1 E  01 


VENUS-CLOSE 


TIME 

0.I267E  04 
0.4  747E  03 
0.1796E  03 
0.7023E  02 
0.2964E • 02 


DELTA-TIME 

0. 

0.7927C  03 
0.2951E  03 
0. 1094L  03 
C.4059C  02 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 C  VENUS-CLOSE 

6  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0. 1635E 

0  3 

0. 1267E 

04 

0. 

1 

0.8537E 

02 

0.6582E 

03 

0.6092E 

03 

2 

0.4483E 

02 

0.3427E 

03 

0. 3155E 

03 

3 

0.2379F 

02 

0.1796E 

03 

0.1631E 

03 

4 

0. 1287E 

02 

0.9547E 

02 

0. 8416C 

02 

5 

0.7209E 

01 

0.5209E 

02 

0.4338 

02 

6 

0.4270E 

01 

0.2964E 

02 

0.22455 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 C  VEuUS-CLUSE 

8  CORRECTION  STEPS 


N 

RANGE 

TIME 

OELTA- TIME 

0 

0. 1635E 

03 

0. 1267E 

04 

0. 

1 

0.  I004E 

03 

0.7752E 

03 

0.4922E 

03 

2 

0.618  LE 

0  2 

0.4747E 

03 

0.3C05E 

03 

3 

0.3822E 

02 

0.2914E 

03 

0.18335 

03 

4 

0.2379E 

02 

0. 1796E 

03 

0. 1117C 

03 

5 

0. 1497E 

02 

0. 1 1  L  6  E 

03 

0.68035 

02 

6 

0.9583C 

01 

0. 7023E 

02 

0.4138C 

02 

7 

0.6286E 

01 

0.4505E 

02 

0.25195 

02 

8 

0 . 42  7  1  E 

01 

0.2964E 

02 

0.  1540c 

02 
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COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  EX - 0.0 - D  VENUS 

BON=  0.109IE  02  AQN  =  0.3857E  01  ECCO=  0.3000E  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

Q 

0. 1635E 

03 

0.1763E  01 

0.1251E 

04 

0. 1000E 

01 

0.3886E 

02 

0 .  4C33E-Q0 

0.2361E 

C  3 

0.2288E- 

00 

0.7C01E 

02 

0.74505  00 

0.5284E 

03 

0.4225E- 

00 

0. 10L2E 

03 

0.1084E  01 

0 . 769  IE 

03 

0.6150E 

00 

0. 1321E 

03 

0.1424E  01 

0.1010E 

04 

0.8074E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.1635E 

03 

0.5380E-01 

0.3816E 

C2 

0.1000E 

01 

0.38866 

02 

0.42276-01 

0.2998E 

02 

0. 7856E 

00 

0.7001E 

02 

0.4878E-01 

0.3460E 

02 

0.9067E 

00 

0. 1012E 

03  • 

0.51446-01 

0.3648E 

C2 

0 . 956  IE 

00 

0. 1323E 

03 

0. 5289E-01 

0.3751E 

02 

0. 983  IE 

00 

VARIATIONS  CN 

CLASS  EX - 

BGN=  0 . 109  IE 

PERI-APSIS  DISTANCE— VENUS 
0.0— u 

02  RPERN ( 1  )  =  0.7714E  01 

DVON*  0.8765E 

. RN  ' 

0.1635E 

03 

~  DELRPN  . 

0.1763E  01 

P 

0.1251E 

C4 

0 

0.1000E  01 

0. 1550E 

02 

0. 1358E-00 

0.9629E 

02 

0.770CE-01 

0.2329E 

02 

0.22B2E-00 

0.1618E 

C3 

0. 1294E-00 

0.3108E 

02 

0.3166E-00 

0.2245E 

C3 

0. 1795E-00 

0.3886E 

02 

0.4033E-00 

0.2861E 

C3 

0. 2288E-00 

0.4665E 

02 

0.4893E-00 

0.3470E 

C3 

0.2775E-00 

0.5444E 

02 

0.5748E  00 

0.4077E 

C3 

0.3260Er00 

0.6223E 

02 

0.6600E  00 

0.4681E 

C3 

0 . 3743E-00 

0 . 700  IE 

02 

0.7450E  00 

0.5284E 

C3 

0.4225E-00 

0.7780E 

02 

0.8299E  00 

0.5866E 

03 

0.4707E-00 

0.8559E 

02 

0.9148E  00 

0.6488E 

03 

0.5188E  00 

0.9337E 

02 

0.9996E  00 

0.7089E 

03 

0.5669E  00 

0. 1012E 

03 

0.1C84E  01 

0.7651E 

03 

0.6150E  00 

0. 1089E 

03 

0.1169E  01 

0.8292E 

03 

0.6631E  00 

0.1167E 

03 

0.1254E  01 

0.8893E 

C3 

0.7112E  00 

0.1245E 

C3 

0.1339E  01 

0.9495E 

03 

0.7593E  00 

0.1323E 

03 

0.1424E  01 

0.1010E 

04 

0.8074E  00 

0.14016 

03 

0.1508E  01 

0.1070E 

04 

0.8555E  00 

0.1479E 

03 

0.1593E  01 

0.U30E 

C4 

0.9037E  00 

0.1557E 

03 

0.1678E  01 

0.1190E 

04 

0.9518E  00 

169 


GA/Phys/63-5,6 


M  =  3 
N 
1 


Fu=  0.76 16fc  00 
RED.  FACTOR 
C.7616E  OC 


FM=  0. 1 3  1  3 E  Cl  NOPT  = 

MULT. FACTOR  SUM/W 

0.1313E  01  0.1313E  01 


M  =  4  FQ=  0.5077E  00 
N  RED.  FACTOR 
1  0.5077E  00 


FM«  =  0.19/0E  Cl  NCPT  = 

MULT. FACTOR  SUM/W 

0.197CE  01  0.1970E  01 


M=i>  F0=  C.38C8E-C0 
N  REO.  FACTOR 
2  0.6171E  00 

1  0 . 3808E-00 


FM=  0.2626E 

Cl 

NOPT= 

MULT. FACTOR 

SUM/W 

0.1621E  01 

0.2292E 

01 

0.2626E  01 

0.2626E 

01 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX 0,0 - D  VENUS-OPT 

1  CORRECTION  STEPS 

N  RANGE  TIME  OELTA-TIME 

0  0.1635E  03  0.4293E  04  0. 

I  0.6704E  02  0 . 168  IE  04  0.2612E  04 


TIME  FROM  PERI-APS'IS  IN  MINUTES 


CLASS  EX 0,0 - D  VENUS-OPT 

2  CORRECTION  STEPS 


N 

RANGE 

TIME 

OELTA-TIME 

0 

0. 163SE 

03 

0.4293E 

04 

0. 

1 

0. 1038E 

03 

0.2671E 

04 

0.16220 

04 

2 

0.6704E 

02 

0. 1631E 

04 

0.9900E 

03 

1 

SUM/29.8 

0.4406E-01 


1 

SUM/29.8 

0.6609E-C1 


2 

SUM/29.8 
0 . 7690E-C  1 
0.8812E-01 
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COMPARISON  CF  LONG  I  I UD INAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  EX - C.O - D  VENUS 

BON  =  0.3114S  01  AON  =  0.38576  01  ECCC=  0.1285E  01 

TRANSVERSE  ERROR 


RN 

0.16356  03 
0.3357c  02 
0.6604E  02 
0.98520  02 
0.13106  03 
LONGITUDINAL 
RN 

0.16356  03 
0.3357E  02 
0.6604c  02 
0.98526  02 
0.1310E  03 


DELRPN 
0. 1336E  01 
0.2474E-00 
0.50276  00 
0.7703E  00 
0.1C49E  01 

ERROR 

DELRPN 

,  0 . 1887E-01 

0. 16956-01 
0 • 1 809E-0 l 
0. 1B51E-01 
0. 1873E-01 


p 

0.9477E 

C3 

0. 1755E 

03 

0.3565E 

C3 

0.5463E 

C3 

0. 7436E 

03 

P 

0. 1338E 

C2 

0.1 2026 

C2 

0. 1283E 

02 

0. 1313E 

02 

0.1329E 

02 

Q 

0.  IOOOE 

01 

0.18526 

-00 

0.37626 

-00 

0.5765E 

00 

0. 7847E 

00 

Q 

0. IOOOE 

01 

0.8980E 

00 

0.9584E 

00 

0.9810E 

00 

0.9927E 

00 

VARIATIONS  CN  PERI-APSIS  DI STANCE— VENUS 
CLASS  EX - 0.0 - D 

BON=  0.3U4E  Cl  RPERNI2  )*  O.llOCE  01  DVON«  0.1188E-C0 


r<N 

DELRPN 

P 

0 

0. 1635E 

03 

0.1336E 

01 

0.9477E 

C3 

0. IOOOE  01 

0.9218E 

01 

0.6439E- 

01 

0.4567E 

C2 

0.4819E-01 

0.1/346 

02 

0.1247E- 

00 

0.8846E 

02 

0. 9334E-01 

0.2545E 

02 

0.18576- 

GO 

0.1317E 

C3 

0. 1390E-00 

0.3357E 

02 

0.24746- 

00 

0.1755E 

03 

0.1852E-00 

0.4 1696 

02 

0.31006- 

GO 

0.2199E 

C3 

0 . 2320E-00 

0.4981E 

02 

0.37356- 

00 

0.2649E 

C3 

0. 2795E-00 

0.5793E 

02 

0.4377E- 

00 

0.31C4E 

C3 

0. 3276E-00 

0.6604E 

02 

0.5027E 

00 

0.3565E 

C3 

0. 37626—00 

0.7416E 

02 

0.5685E 

00 

0.4032E 

C3 

0. 4255E-00 

0.8228E 

02 

0.6350E 

00 

0.45C4E 

03 

0. 4753E-00 

0.9040E 

02 

0.7C23E 

00 

0.4961E 

C3 

0.5256E  00 

0.98526 

02 

0.7703E 

00 

0.5463E 

03 

0.5765E  00 

0. 1066E 

03 

0.8389E 

00 

0.5949E 

C3 

0.6278E  00 

0.  U48E 

03 

0 . 908  IE 

00 

0.6441E 

03 

0.67976  00 

0. 1229E 

03 

0.978CE 

00 

0.6936E 

C3 

0.732CE  00 

0. 1310E 

03 

0.1049E 

01 

0.7436E 

C3 

0.7847E  00 

0. 1391E 

03 

0.11206 

Ul 

0 . 794  IE 

C3 

0.8379E  00 

0. 1472E 

03 

0. 1191E 

01 

0.8449E 

C3 

0.8915E  00 

0.1S53E 

03 

0.1263E 

Cl 

0.8961E 

C3 

0.9456E  00 
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M=1  F Q=  0 . 7484E-0 1  FM  =  0.1336E  02  NCPT  =  5 


N  ' 

RED.  FACTOR 

MULT .FACTOR 

SLM/W 

SUM/29.8 

5 

0. 5954E  00 

C.  1679E 

01 

0.3755E 

01 

C.  1260E-00 

4 

0 . 5230E  00 

0. 1912E 

01 

0.3824E 

01 

C.  1283E-00 

3 

C.4214E-0C 

C.2373E 

01 

0.4110E 

01 

0. 13 79E-00 

2 

C.  2  736E-00 

0.3655E 

01 

0.5170E 

01 

C.  1735E-00 

1 

'0. 74B4E-01 

0. 1336E 

02 

0. 1336E 

02 

0.4484E-00 

M=2 

FU=  0 . 2994E-0 1 

FM  = 

0.3340E 

02 

NOPT  = 

7 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

7 

0.6058E  00 

0. 165  IE 

01 

0.4368E 

01 

0. 1466E-0w 

6 

0.5572E  00 

0. 1795E 

01 

0.4396E 

01 

0. 1475E-00 

5 

0.4957E-00 

0.2017E 

01 

0.4511E 

01 

0. 1514E-00 

4 

0 . 4 16CE-00 

0.2404E 

01 

0.4808E 

01 

C. 1613E-G0 

3 

0.3 105E-00 

0.3221E 

01 

0.5578E 

01 

0. 1872E-00 

M=3 

FQ=  0. 1497E-01 

FM  = 

0.6681E 

02 

NCPT  = 

8 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

8 

0.5914E  00 

0.1691E 

01 

0.4782E 

01 

C. 1605E-Pn 

7 

0.5487E  00 

0. 1823E 

01 

0.4822E 

01 

0. 1618E-00 

6 

0.4964E-00 

0.2014E 

01 

0.4934E 

01 

0. 1656E-00 

5 

0.4316E-00 

0.2317E 

01 

0.5181E 

01 

0. 1739E-00 

4 

0 . 3498E-00 

0.2859E 

01 

0.5718E 

01 

0. 1919E-00 

M=4 

F0=  0.9979E-02 

FM= 

0.1002E 

03 

NOPT  = 

9 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

9 

0.5993E  00 

C. 1668E 

01 

0.5C05E 

01 

0.1680E-00 

8 

0.5622E  00 

0. 1779E 

01 

0.5C31E 

01 

0. 1688E-00 

7 

0.5178E  00 

0. 1931E 

01 

0.5110E 

01 

0. 1715E-00 

6 

0.464CE-00  . 

0.2155E 

01 

0.5279E 

01 

0. 1772E-00 

5 

0.3979E-00 

0.2513E 

01 

0.5619E 

01 

C.  1886E-00 

M=  5 

FG=  C.7484E-02 

FM= 

0. 1336E 

C3 

NOPT  = 

1C 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

10 

0.6129E  00 

0. 1631E 

01 

0.5159E 

01 

0. 1731E-00 

9 

0.5805E  00 

0. 1723E 

01 

0.5168E 

01 

C. 1734E-C0 

8 

0.5423E  00 

0. 1844E 

01 

0.5215E 

01 

0.1750E-00 

7 

0.4969E-00 

0.2012E 

01 

0.5324E 

01 

0. 1787E-00 

6 

0.4423E-00 

0.2261E 

01 

0.5538E 

01 

0. 1859E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 D  VENUS-CLOSE 

6  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA- 1 IME 

0 

0. 1635E 

03 

0.421LE 

04 

0. 

I 

0.7293E 

02 

0. 1767E 

04 

0.2444b 

04 

2 

0.3287E 

02 

0.7251E 

03 

0. 1042E 

04 

3 

0. 1515E 

02 

0.2944E 

03 

0.4307b 

03 

4 

0.7315E 

01 

0.1229E 

03 

0. 1715L 

03 

5 

0.3849E 

Cl 

0.5591E 

02 

0.67C3C 

02 

6 

0.23I6E 

01 

0.2870E 

02 

0. 27210 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 0  VENUS-CLOSE 

8  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA- 1 I  ME 

0  ' 

0.1635E 

03 

0. 42  l  IE 

04 

0. 

1 

0.8917E 

02 

0.2200E 

04 

0. 2011b 

04 

2 

0.4886E 

02 

0.1135E 

04 

0.L065E 

04 

3 

0.2700E 

02 

0.5786E 

03 

0.5560C 

03 

4 

0.151SE 

02 

0.2943E 

03 

0.2844E 

03 

5 

0.8717E 

01 

0.1520E 

03 

0.1423E 

03 

6 

0.5231E 

01 

0.8171E 

02 

0.7026E 

02 

7 

0.3340E 

01 

0.4674E 

02 

0.3496C 

02 

8 

0.2315E 

01 

0.2B69E 

02 

0.18Q6E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 - D  VENUS-CLOSE 

10  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.1635E 

03 

0.4211E 

04 

0. 

1 

0.1006E 

03 

0.2508E 

04 

0.1703F 

04 

2 

0.6210E 

02 

0.1481E 

04 

0.1027E 

04 

3 

0.3849E 

02 

0.8676E 

03 

0.6134E 

03 

4 

0.2402E 

02 

0.5053E 

03 

0.3623b 

03 

5 

0.1515E 

02 

0.2943E 

03 

0.2111L 

03 

6 

0.9708E 

01 

0.1730E 

03 

0.1212E 

03 

7 

0.6376E 

01 

0.1040E 

03 

0.6897E 

02 

8 

0.4334E 

01 

0. 648  IE 

02 

0.3924E 

02 

.9 

0.3082E 

01 

0.4216E 

02 

0.2265E 

02 

10 

0.2315E 

01 

0.2868E 

02 

0.1347E 

02 
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COMPARISON  CF  LO.Nbi  1UDIN4L  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  til  —  1/2.  L  —  H  MARS 

!3CN  =  0 . 5 2 0 0 E  01  AON  =  0.1838E  OL  ECCC=  0.3000E  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

Q 

0.3211E 

03 

0.4966E  01 

0.3522E 

C4 

0.  ICOOE 

01 

0 . 6  7  L  6  E 

0  2 

0.  IC16E  01 

0.72C6E 

C  3 

0. 2046E 

-00 

0. 1  3  0  0  E 

0  3 

0. 1994E  01 

C.  1414E 

C4 

0.4016E 

-00 

0. 194  IE 

0  3 

D.2980E  01 

0.21  13E 

04 

0.6001E 

00 

0 . 2d  76  6 

0  3 

0.3971E  01 

0.2816E 

C4 

0. 7996E 

Ou 

LONG  l  TUO  INAL 

i.RROR 

RN 

,  DELRPN 

P 

Q 

0.3211E 

0  3 

0. 3778E-01 

0.2679E 

C2 

0. 1000E 

01 

0 . 6  7  1 6  E 

0  2 

0. 3  5  36  6-0  l 

0. 25C8E 

C  2 

0.9360E 

00 

0. 13066 

0  3 

0. 36H3E-01 

0.2612E 

G2 

0.9750E 

00 

0. 1941E 

03 

0. 3/35E-01 

0.2649E 

02 

0.9837E 

00 

0.2376E 

03 

0.3762E-01 

0.2668E 

02 

0.9957E 

00 

VARIATIONS  CN  PERI-APSIS  DISTANCE — PARS 
CLASS  BI—  1/2.1  —  h 

80N=  C. 

RN 

5200E 

Cl 

RPERN l 1 ) = 

DELRPN 

0. 3677E 

P 

01 

0  VON  =  C.6252E 

0 

0.3211E 

03 

0.4966E 

01 

0.3522E 

C4 

0.100CE  01 

0.  1955E 

02 

0.28S5E- 

-00 

0.2025E 

03 

C . 575CE-Q1 

0. 3542E 

C2 

0.5298E 

00 

0.3757F 

C3 

0. 1067E-00 

0.5129E 

02 

0. 7728c 

00 

0.5481E 

C  3 

0. 1556E-00 

0.6716E 

02 

0. ICI6E 

01 

0.7206E 

C3 

0.2046E-00 

0.8303E 

02 

0 . 1260E 

01 

0.8935E 

C3 

0.2537E-00 

0.9890E 

02 

0. 1‘j04E 

Cl 

0. 1C67E 

C4 

0. 3029E-00 

0. 1I48E 

03 

0. 1 7 4 9 E 

01 

0. 1240E 

C4 

0. 3522E-00 

0. 1306E 

03 

0. 1994E 

01 

0. 1414E 

C4 

0.4016E-00 

0. 1465E 

03 

0. 2240E 

01 

0. 1589E 

C4 

0.451  IE-00 

0.  I624E 

03 

0. 2486E 

01 

0. 1763F 

C4 

0.5007L  00 

0. 1782E 

03 

0.2733E 

01 

C.  1938E 

C4 

0.5503E  00 

0. 1941E 

03 

0.2980E 

01 

0.21  13E 

C4 

0.6001E  00 

0.2100E 

03 

0.3227E 

01 

0.2289E 

C4 

0.6499E  00 

0.2259E 

03 

0. 347^6 

01 

C.2464E 

C4 

0.6997E  00 

C.2417E 

03 

0 . 3  /  2  2  E 

01 

0.2640E 

C4 

0.7496E  00 

0.2576E 

03 

0.3971E 

01 

0.2816E 

04 

0.7996E  00 

0.2735E 

03 

0. 4219E 

01 

C.2992E 

C4 

0.8497E  00 

0.2093E 

03 

0.4468E 

01 

C.3169E 

C4 

0.8997E  00 

0.3052E 

03 

0.471 7E 

01 

0.3345E 

C4 

0.9498E  00 
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M= 1  FQ  =  0.5391E  00 
N  RED.  FACTOR 
1  0 . 539  IE  00 


M=2  FC=  0 . 2 1 56E-00 
N  REO.  FACTOR 

3  0.5997E  00 

2  0.4644E-00 

1  0.215EE-00 


M=3  FQ=  0.1078E-00 
N  RED.  FACTOR 

4  0.573CE  00 

3  0.4759E-00 

2  0 . 3283L-0C 

1  0.1078E-00 


4  FG=  0.7188E-01 
REO.  FACTOR 
0 . 5906E  00 
0.5178E  00 
0.4158E-00 
0 . 268  IE-00 
l  0 . 7188E-0 1 


M=5  F0=  0.5391 E-0 1 

N  RED.  FACTOR 

6  0.6146E  00 

5  0.5576E  00 

4  0 . 48 1 8E-00 

3  0 . 3778E-00 

2  0 . 2322E-00 


FM=  0.1855E 

Cl 

MULT. FACTOR 

SLM/W 

0.1855E  01 

0. 1855E 

FM  = 

0.4638E 

01 

MULT. FACTOR 

SLM/W 

0.1668E 

01 

0.2888E 

C.2154E 

01 

0.3046E 

(1.4638E 

01 

0.4638E 

FM  = 

0.9275E 

Cl 

MULT. FACTOR 

SUM/W 

0.1745E 

01 

0.3490E 

0.2101E 

01 

0.3639E 

0. 3046E 

01 

0.4307E 

0.9275E 

01 

0.9275E 

FM= 

0.1391E 

02 

MULT. FACTOR 

SLM/W 

0.1693E 

01 

0.3786E 

0.1931E 

01 

0.3863E 

0.2405E 

01 

0.4166E 

0.3730E 

01 

0.5275E 

0. 1391E 

02 

0.1391E 

FM  = 

0. 1855E 

C2 

MULT. FACTOR 

SUM/W 

0. 1627E 

01 

0.3985E 

0. 1793E 

01 

0.4C10E 

0.2075E 

01 

0.4151E 

C.2647E 

01 

0.4585E 

0.4307E 

01 

0.6C91E 

NCPT=  1 

SUM/29.8 

01  C.6225E-C1 


NOP  T  =  3 

SUM/29.8 

01  0 . 9693E-0 1 

01  0. 1022E-00 

01  0.1556E-00 


NOP  T  =  4 

SUM/29.8 

01  0.117 1 E-00 

01  0.1221 E-00 

01  0 . 1445E-00 

01  0.311 3E-00 


NOPT  =  5 

SUM/29.8 

01  0 . 12  70E-00 

01  C.1296E-00 

01  0. 1398F-C0 

01  0.177  OE-OO 

02  0 . 4669E-00 


N0PT=  6 

SUM/29.8 

01  0. 1337E-00 

01  0. 1346E-00 

01  0. 1393E-C0 

01  0 . 1 539E-00 

01  0 . 2044E-00 


\ 
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T I  ME.  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI  — 1/2,1— H  MARS-OPT 

2  CORRECTION  STEPS 


N 

RANGE 

TIME 

OELTA-T I  ME 

0 

0.321  IE 

03 

0.6708E 

04 

0. 

1 

0.7738E 

02 

0.  1556E 

04 

0.51521 

04 

2 

0.2079E 

02 

0. 3866E 

03 

0.1169E 

04 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI  — 1/2,1— H  MARS-OPT 
A  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-1 IME 

0 

0 . 32  l  IE 

0  3 

0.6708E 

04 

0. 

1 

0.I566E 

03 

0.3222E 

04 

0.3485E 

04 

2 

0.7736E 

02 

0. 1555E 

04 

0.1667L 

04 

3 

0.3918E 

02 

0 . 762  IE 

03 

C.7932F 

03 

4 

0.2078E 

02 

0.3864E 

03 

0.37571 

03 

TIMF  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI — 1/2, 1--H  MARS-OPT 

6  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.3211C 

03 

0.670BE 

04 

0. 

1 

0. 1938E 

03 

0.4L13E 

04 

0.2594E 

04 

2 

0. 1236E 

03 

0.2526E 

04 

0.  1588E 

04 

3 

0.7737E 

02 

0.1555E 

04 

0.97011 

03 

4 

0.4897E 

02 

0.9642E 

03 

C.5912L 

03 

5 

0.3151E 

02 

0.6047E 

03 

0. 3594E 

03 

6 

0.2078E 

02 

0.3865E 

03 

0.21B3F 

03 
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CGMPAR  t  SON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  HI —  1/2. L — H  MAKS 

R0N=  0.2292E  01  AON=  0.1H38E  01  ECCO=  0.1598E  01 

TRANSVERSE  ERROR 


RN 

DEL  RPN 

R 

Q 

0.321LE 

03 

0.4698E  01 

0.33326 

C4 

0. lOOOE 

01 

0.651.06 

02 

0.86506  00 

0.6135E 

0  3 

0. 1841E- 

•00 

0.12916 

03 

0.  1  7846  01 

0. 1266E 

C4 

0.3798E- 

■00 

0. 1931E 

0  3 

0.27386  01 

0.1942E 

04 

0.5829E 

00 

0.25716 

03 

0.37126  01 

0.2633E 

C4 

0. 7901E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.32116 

03 

0.21586-01 

0.1530E 

C2 

0. LOOOE 

01 

0.65106 

02 

0.2082E-01 

0.1477E 

0  2 

0.9649E 

00 

0.12916 

03 

0 . 2  1 29E-0 l 

0.1510E 

02 

0.9865E 

00 

0.19316 

03 

0.2  145E-0 l 

0 . 152  IE 

02 

0.9939E 

00 

0.25716 

03 

0.2153E-01 

0.152  7E 

02 

0.9977E 

00 

VARIATIONS  ON  PERI-APSIS  DISTANCE-PARS 


CLASS 

BI  — 1/2 

.  1— H 

BCN=  0. 

2292E  Cl 

RPERNI2  )* 

O.llOCE 

01 

DVON*  C.6995E 

. . RKi — 

. . 

DELRPN 

p 

Q 

0 . 32 1  IE 

03 

0.4698E 

01 

0.3332E 

C4 

0.100CE  01 

0. 1710 E 

02 

0.2156E 

-00 

0.1529E 

03 

0.4590E-01 

0.3310E 

02 

0 . 4269E-00 

0.3028E 

C  3 

0.90886-01 

0.4910E 

02 

0.6436E 

00 

0.4565E 

C3 

0. 13706-00 

0.6510E 

02 

0.8650E 

00 

0.6135E 

03 

0. 1841E-00 

0. 81106 

02  . . 

0.1C90E 

01 

0.7733E 

03 

0. 23216-00 

0.9709E 

02 

0. 1319E 

01 

0.9354E 

C3 

0.2  808E-00 

0. 1 13  IE 

03 

0.15506 

01 

0.1100E 

04 

0. 3300E-00 

0. 1291E 

03 

0.  1784E 

01 

C.1266E 

04 

0. 3798E-00 

0. 1451E 

03 

0.2020E 

01 

0.1433E 

C4 

0.4301E-00 

0. 1611E 

03 

0.2258E 

01 

0.16C2E 

C4 

0. 4807E-00 

0.  1771E 

03 

0.2498E 

01 

0.1771E 

04 

0.5316E  00 

0. 193LE 

03 

0.2738E 

01 

0.L942E 

04 

0.5829E  00 

0.20916 

03 

0.29B0E 

01 

0.2114E 

04 

0.6344E  00 

0.2251E 

03 

0.3223E 

01 

C.2266E 

C4 

0.6861E  00 

0.2411E 

03 

0.3467E 

01 

0.2459E 

04 

0.73806  00 

0.2571E 

03 

0.3712E 

01 

0.2633E 

04 

0.7901E  00 

0.2731E 

03 

0.3957E 

01 

0.28C7E 

C4 

0.8424E  00 

0.2891E 

03 

0.42046 

01 

0.298  LE 

04 

0.8948E  00 

0.305  IE 

03 

0.4450E 

01 

0.3156E 

C4 

0.9473E  00 
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M= 1  FU=  0.2129E-01 
N  RED.  FACTOR 

8  0.6I8CE  00 

7  C.577CE  CC 

fc  0.5264E  00 

5  0 . 463CE-00 

4  0 . 382CE-00 


FM=  0.4698E  02  NOPT=  8 


MULT .FAC  TOR 
0.1618E  01 
0.1733E  01 
C.1900E  01 
0.2160E  01 
C.2618E  01 


SUM /In 

0.4576E  01 
0.4586E  01 
0.4653E  01 
0.4829E  01 
0.5236E  01 


SUM/29.8 
0. 1536F-00 
C. 1539E-C0 
C. 1561E-00 
0. 1620E-C0 
0. 1757E-C0 


M=2  FG=  C.8515E-02 
N  RED.  FACTOR 

10  0.6209E  00 

9  0.5889E  OC 

8  0.5512E  OC 

7  0.5062E  00 

6  0.45 1 9E-CC 


FM=  0.1174E  C  3  N0PT=10 


MULT. FAC  TOR 
C . 16 1 IE  01 
0.1698E  01 
G.1814E  01 
0.1976E  01 
0.2213E  01 


SLM/W 

0.5C93E  01 
0.5C95E  01 
0.5132E  01 
0.5227E  01 
0.5421E  01 


SUM/29.6 
0. 1 709E-00 
0. 1710E-C0 
0. 1722E-00 
0. 1754E-00 
0. 1819E-00 


M=  3  F(J=  0.4257E-02 
N  REO.  FACTOR 

11  0.6088E  00 

1C  0.5793E  00 

9  0.5452E  OC 

8  0.5C54E  00 

7  C.4585E-00 


FM=  0.2349E  03  N0PT=11 


MULT. FACTOR 
0.1643E  01 
0.1726E  01 
0.1834E  01 
0.1979E  01 
0.2181E  01 


SUM/W 

0.5448E  01 
0.5459E  01 
0.5502E  01 
0.5596E  01 
0.5771E  01 


SUM/29. 8 
0. 1828E-00 
0. 1832C-C0 
C. 1846E-C0 
0. 1878F-00 
0. 1937E-00 


M-  4 
N 

12 

11 

1C 

9 

8 


F(J=  0 . 2838E-02 
RED.  FACTOR 
0.6134E  00 
0.5868E  OC 
0.5563F  00 
0.52126  00 
0.4804E-00 


FM=  0.3523E  03  NCPT=12 


MULT .FACTOR 
0.1630E  01 
0.1704E  01 
C.1798E  01 
C.1919E  01 
0.2081E  01 


SLM/W 

0.5647E  01 
0.5652E  01 
0.5685E  01 
C.5756E  01 
0.5887E  01 


SUM/29.8 
0. 1895F-00 
0. L897E-00 
0. 1908E-00 
0. 1932E-00 
0. 1976F-C0 


M-5  F  0=  0.2 129C-02 
N  RED.  FACTOR 

12  0.598SE  OC 

11  0.5716E  00 

10  0.5405E  00 

9  0.5048E  00 

8  0.4635E-0C 


FM=  0.4698E  C3  N0PT^12 


MULT. FACTOR 
C.1670E  01 
C.I749E  01 
0.1850E  01 
0.198 1C  01 
C.215BC  Cl 


SLM/W 

0.5784E  01 
0.5802E  01 
0.5850E  01 
0.5943E  01 
0.6103E  01 


SUM/29.8 
0. 194  IE-00 
0.  1 94  7  E  00 
C. 1963E-0G 
0. 1994E-00 
0 . 2048E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  BI  — 1/2,1— H  MARS-CLOSE 

*8  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.3211E 

03 

0.6684E 

04 

0. 

1 

0.1494E 

03 

0.3047E 

04 

0.3636L 

04 

2 

0.6985E 

02 

0.1377E 

04 

0. 1670E 

04 

3 

0.3296E 

02 

0.6163E 

03 

0.7605E 

03 

4 

0.1587E 

02 

0.2754E 

03 

C.3409E 

03 

5 

0.7945E 

01 

0.1258E 

03 

0.1497L 

03 

6 

0.4273E 

01 

0.6096E 

02 

0.6479E 

02 

7 

0.2571E 

01 

0.3239E 

02 

0.2856E 

02 

8 

0.1782E 

01 

0.  1891E 

02 

0.1349E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI— 1/2,1— H  MARS-CLOSE 
10  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-T IME 

0 

0.3211E 

03 

0.6684E 

04 

C. 

1 

0.1741E 

03 

0.3568E 

04 

0.3116E 

04 

2 

0.9458E 

02 

0.1894E 

04 

0.1674E 

04 

3 

0.5163E 

02 

0.9989E 

03 

0.8948E 

03 

4 

0.2841E 

02 

0.5242E 

03 

0.4747E 

03 

5 

0.1586E 

02 

0.2753E 

03 

0.2489F 

03 

6 

0.9079E 

01 

0.1465E 

03 

0.1288E 

03 

7 

0.5412E 

01 

0.8059E 

02 

0.6591E 

02 

8 

0.3431E 

01  • 

0.4675E 

02 

G. 3385b 

02 

9 

0.2360E 

01 

0.2887E 

02 

0.17881 

02 

10 

0.1781E 

01 

0.1889E 

02 

0.9971E 

01 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI  — 1/2,1— H  MARS-CLOSE 
12  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0. 32  11E 

03 

0.66S4E 

04 

0. 

1 

0.1927E 

03 

0.3963E 

04 

0.2721E 

04 

2 

0.1159E 

03 

0 . 234  IE 

04 

0.1622E 

04 

3 

0.6984E 

02 

0.  1377E 

04 

0.9640E 

03 

4 

0.4227E 

02 

0.8062E 

03 

0.57C4E 

03 

5 

0.2576E 

02 

0.4708E 

03 

0.33S4E 

03 

6 

0.1587E 

02 

0.2754E 

03 

0.1955E 

03 

7 

0.9944E 

01 

0. 1625E 

03 

0.U28E 

03 

8 

0.6396E 

01 

0 . 979  IE 

02 

0.6462E 

02 

9 

0.4272E 

01 

0.6094E 

02 

0.3697E 

02 

10 

0.3000E 

01 

0.3955E 

02 

0.2140E 

02 

11 

0.2238E 

01 

0 . 268  IE 

02 

0.1274E 

02 

12 

0.1781E 

01 

0.1890E 

02 

0.7906C 

01 
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VARIATIONS  CN  PERI-APSIS  DI STANCE — PARS 
CLASS  IN - C.C - A 


BCN=  0. 

7775E  CO 

RPERNI  I  )  =  0 . 5498E  OC 

D VON=  C. 

1617E-00 

COMPARISON 

OF  LONG  I  TUO INAL 

AND  TRANSVER 

SE 

VELOCITY  ERRORS 

CLASS 

IN- 

■ — (5 .  C 

- A 

MARS 

l»ON=  0. 

1 347 E  01 

AON  =  0. 

2  749E-00 

ECC  0=  0.5002E 

01 

TRANSVERSE 

ERROR 

RN 

OELRPN 

P 

Q 

0.32  LIE 

03 

0.  1 963 E  01 

0.1392E 

04 

0. 1000E 

01 

0.6510E 

02 

/ 

0. 3950E-00 

0.28GIE 

C  3 

0. 2012E 

-00 

0. 1291E 

0  3 

0 . 785 7 E  00 

0.55  73E 

03 

0.4002E 

-00 

0 . 1 9  3  1 E 

03 

0.11785  01 

0.8352E 

03 

0. 5998E 

00 

0.257LE 

03 

0. 1570E  01 

0. 1 1  14E 

C4 

0. 7998E 

00 

LONGITUDINAL  ERROR 

kn 

UELRPN 

P 

0 

0.32  LIE 

03 

0 . 2680E-02 

0.19C1E 

01 

0.  1000E 

01 

0.6510E 

C2 

0.2635E-02 

0.1869E 

Cl 

0.9832E 

00 

0.  129LE 

03 

0 . 2663E-02 

0. 1888E 

Cl 

0.9936E 

00 

0. L931E 

03 

0.2672E-02 

0.1895E 

Cl 

0.9572E 

00 

0 . 2  5  7 1 E 

03 

0 . 2677E-02 

0. 1898E 

Cl 

0.9989E 

00 

VARIATIONS  CN  PERI-APSIS  OISTANCE — PARS 
CLASS  IN - 0.0 - A 

BCN=  0.1347E  Cl  RPERN(2)=  O.L1COE  01  DVON=  0.I657E-00 


RN 

OELRPN 

p 

0 

0. 32UE 

03 

0. 1963E 

01 

0.1392E 

C4 

O.IOOOE  01 

0. 1  7  ICE 

02 

0. 1C31E 

-00 

0.7314E 

02 

0. 5253E-01 

0 . 3  3  1 0  E 

02 

0.2C03E 

-00 

0. 1421E 

03 

0. 1020E-00 

0.49 10E 

02 

0.29766 

-00 

0.2111E 

C3 

0. 1516E-00 

0.6510E 

02 

0.3950E 

-00 

0.2801E 

C3 

0 . 20 1 2E-00 

0.81  10E 

02 

0.4925c 

-00 

0.34S3E 

C  3 

0 . 2509E-00 

0.9709E 

02 

0.5902E 

00 

C.4186E 

C3 

0 . 3006E-00 

0. 1131E 

03 

0.6879E 

00 

0.4879E 

C  3 

0 . 3504E-00 

0. 1291E 

03 

0.7857E 

00 

0. 5573E 

C3 

0 . 4002E-00 

0. 1451E 

03 

0.8836E 

00 

0.6267E 

C  3 

0.4501E-00 

0. 161  IE 

03 

0.9816E 

00 

0.6962E 

C3 

0 . 4999E-00 

0. 1771E 

03 

0.  IC80E 

01 

0.7657E 

C  3 

0.5499E  00 

0. 193  IE 

03 

0. 1178G 

01 

0.8352E 

C  3 

0.5998E  00 

0.2C91E 

03 

0. 1276E 

01 

0.9048E 

C  3 

0.6498E  00 

0 . 225  IE 

03 

0.  I374E 

01 

0.9744E 

C3 

0.6998E  00 

0.2411E 

03 

0. I472E 

01 

0. 1044E 

C  4 

0.7498E  00 

0. 25  7  IE 

03 

0. 1570E 

01 

0. 1  1 14E 

C4 

0.7998E  00 

0.2731E 

03 

0.1669E 

01 

0. 1  183E 

C4 

0.8498E  00 

0.2B91E 

03 

0. 1767E 

01 

0. 1253E 

C4 

0.8999E  00 

0. 305  IE 

03 

0. 1665E 

01 

C.  1  323E 

C4 

0.9499E  00 

ISO 
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M= 1  FC=  C.5053E-01 
M  RED.  FACTOR 

6  0.6088E  OC 

5  0.55126  00 

4  0.475  IE-00 

3  0.3707E-0C 

2  0.22576-00 


FM  =  0.1963E  C 2 
MULT. FACTOR  SLM/W 
0.  16426  01  C. 40236 

0.1814E  01  C.4C56E 

0.2105E  01  0.4210E 

0.2698E  01  0.46736 

C.4431E  01  0.62666 


NCPT  =  6 


SUM/29.8 

01 

0.13506-00 

01 

0. 13616-00 

01 

C.  1413E-00 

01 

0.15686-00 

01 

0.210  3E-00 

M=  2  FQ=  0 . 2037E-C  1 
N  RED.  FACTOR 

8  0.61476  00 

7  0.5734E  OC 

6  0.52266  00 

5  0. 45906-00 

4  0.37786-00 


FM  =  0.4908E  02  NOPT=  8 


MULT. FACTOR 
0.16276  01 
0.1744E  01 
0.1913E  01 
C.2179E  01 
0.2647E  01 


SLM/W 

0.4602E  01 
0.46146  01 
0.4687E  01 
0.4872E  01 
0.5294E  01 


SUM/29.8 
0 . 15446-00 
0.15486-00 
0.15736-00 
0.16356-00 
C.  17766-00 


M=  3  F0=  0.10196-01 

N  ‘  RED.  FACTOR 
9  0.60076  00 

8  0.56366  00 

7  C. 51936  00 

6  0.46566-00 

5  0.39966-00 


FM  =  0.98176  C2 
MULT. FACTOR  SLM/W 
C. 16656  01  0.4S94E 

0.17746  01  0.5C186 

0.19266  01  0.5C95E 

0.21486  01  0.52616 

0.25036  01  0.5596E 


NOPT  =  9 


SUM/29.8 

01 

0.16766- CO 

01 

0.16846-00 

01 

0.1710E-00 

01 

C.  1765E-00 

01 

C. 18786-00 

M=4  FCi=  0.67916-02 
N  RED.  FACTOR 

10  0.607CE  00 

9  C. 57436  00 

8  0.53586  00 

7  0 . 490  IE-00 

6  0.4352E-00 


FM=  0. 14736  C3  NCPT=1C 


MULT. FACTOR 
0.1647E  01 
0.1741E  01 
0. 1 8666  01 
0.2040E  01 
0.22986  Cl 


SLM/W 

0.52106  01 
0.52246  01 
0.5279E  01 
0.53986  01 
0.5629E  01 


SUM/29.8 
0.17486-00 
0.17536-00 
0. 1771E-00 
0.18126-00 
C. 1889E-00 


M=5  FC=  0.5093E-02 
N  RED.  FACTOR 

11  0.6188E  00 

1C  0. 5896E  00 

9  0.55626  00 

8  C.5169E  00 

7  0 . 4704E-00 


FM=  0. 1 
MULT. FACTOR 
0.16166  01 
0.16966  01 
0.17986  01 
0.1935E  01 
0.21266  01 


03  NOP 
SLM/W 

0.53606  01 
0.5362E  01 
0.5394E  01 
0.54726  01 
0.56256  01 


=  11 

SUM/29.8 

0.17996-00 

0.17996-00 

0.1810E-00 

0.18366-00 

0. 1888E-00 
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TIME  FROM  PERI- ARSIS  IN  MINUTES 


CLASS  IN 0,0 A  MARS-CLOSE 

7  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0 . 32 1 1  E 

0  3 

0.2640E 

04 

0. 

1 

0. 1516E 

03 

0.  1242E 

04 

0. I398E 

04 

2 

0.719IE 

02 

0.5854E 

03 

0.6567L 

03 

3 

0.3441E 

02 

0.2773E 

03 

0 . 308  IE 

03 

4 

0. 1677E 

02 

0.  I330E 

03 

0. 1443E 

03 

5 

0.8470E 

01 

0.6556E 

02 

0.6744E 

02 

6 

0.4567E 

01 

0. 3395E 

02 

0 . 3  1 6  It 

02 

7 

0.2731E 

Uk 

0.1885E 

02 

0. 1510F 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN 0,0 A  MARS-CLOSE 

9  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.3211E 

03 

0.2640E 

04 

0. 

1 

0. 1791E 

03 

0. 1468E 

04 

0.1171*- 

04 

2 

0.1001E 

03 

0.8174E 

03 

0.65  10F. 

03 

3 

0 . 5616E 

02 

0.4559E 

03 

0.3615c 

03 

4 

0.3172E 

02 

0.2553E 

03 

0.20C6L 

03 

5 

0. 1813E 

02 

0. 1441E 

03 

0.  1 1 12F 

03 

6 

0. 1057E 

02 

0. 826  IE 

02 

0.6152E 

02 

7 

0.6369E 

01 

0.4855E 

02 

0.3406E 

02 

8 

0.4031E 

01 

0.2959E 

02 

0. 1B97E 

02 

9 

0.2730E 

01 

0. 1885E 

02 

0.  1074E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN 0,0 A  MARS-CLOSE 

II  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.321  IE 

03 

C.2640E 

04 

0. 

l 

0. 1991E 

03 

0. 1634E 

04 

0 . 1 0  0  6  E 

04 

2 

0. 1236E 

03 

0. 1011E 

04 

0.6223," 

03 

3 

0. 7692E 

02 

0.6267E 

03 

0.3847c 

03 

4 

0  .  A  802  E 

02 

0. 3890E 

03 

0.2377E 

03 

5 

0. 3013E 

02 

0.2422E 

03 

0.1467c 

03 

6 

0. 190  7  E 

0  2 

0. 1517E 

03 

0.9051E 

02 

7 

0. 1222E 

02 

0.9596E 

02 

0.5578 E 

02 

8 

0.7979E 

01 

0.6158E 

02 

0.3437c 

02 

9 

0.5357E 

01 

0.4036E 

02 

0 . 2  L  22c 

02 

10 

0.  T734E 

01 

0. 2717E 

02 

0. 1319E 

02 

ll 

0.2730E 

01 

0.  I885F 

02 

0.8320c 

01 
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VARIATIONS  CN  PERI-APSIS  01 STANCE-PARS 
CLASS  IN - 0.0 - B 

BCN=  0 • 3  549E-C0  RPERN(1)=  0.25CSE-0C  DVON=  0.2393E-00 


COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  IN - 0.0 - B  MARS 

HON=  0.1219E  Cl  AQN=  0.1255E-00  ECCO=  0.9767E  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

Q 

0.32I1E 

03 

0.1334E  01 

0.9462E 

C3 

0. 1000E 

01 

0 . 65  10E 

02 

0.2  70GE-U0 

0.1915E 

03 

0.2023E- 

-00 

0. 1291E 

03 

0.5358E  UO 

0.38C0E 

03 

0.4016E 

-00 

0.  I931E 

0  3 

O.B018E  00 

0.5687E 

C  3 

0.601CE 

00 

C.2571E 

03- 

0.1068E  01 

0.7574E 

C  3 

0. 8004E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

0 

0.3211E 

03 

0 . 9323E-03 

0.6612E 

CO 

0. 1000E 

01 

0.65  10E 

02 

0 . 9 1 53E-03 

0.6492E 

CO 

0.9819E 

00 

0. 129IE 

03 

G.9241E-03 

0.6554E 

CO 

0.9912E 

00 

0.  I931E 

03 

0 . 9270E-03 

0.6574E 

CO 

0.9944E 

00 

0 . 257  IE 

03 

0 . 92B5E-03 

0.65B5E 

CO 

0.9959E 

00 

VARIATIONS  CN 

PERI-APSIS  DISTANCE— KARS 

CLASS 

IN - 

0.0 - B 

BCN=  0. 

1219E 

01  RPERN ( 2  )  = 

0. 110CE 

01 

DVON=  0.2608E 

RN 

DELRPN 

P 

Q 

0.3211E 

03 

0 . 1  3  34  E  01 

0.9462E 

C3 

0.1000E  01 

0.1710E 

02 

0.7C6PE-01 

0.5014E 

C2 

0 . 5298E-0 1 

0.3310E 

02 

0.  1371E-00 

0.9726E 

C2 

C.1028Er00 

0.4910E 

02 

0. 2035E-00 

0. 1444E 

C3 

0. 1526E-00 

0.65  10E 

02 

0.2700E-00 

0. 1915E 

C  3 

0 . 202  3E-00 

0. 8 1 1  Of 

02' 

0. 3364E-00 

0.2386E 

C  3 

0.2521E-00 

0.9709E 

02 

0.4C28E-00 

0.2857F 

C  3 

0 . 30 19E-00 

0. 1 131E 

03 

0 . 4693E-00 

0.3328E 

C  3 

0.3518E-00 

0. 1291E 

03 

0.5358E  00 

0.38C0E 

C  3 

0.4016E-00 

0. 1451E 

03 

0.6023E  CO 

C.4271E 

03 

0.4514E-00 

0. 1611E 

03 

0.6688E  CO 

0.4743E 

C3 

0.5013E  00 

0. 177  IE 

03 

0.7353E  00 

0.5215E 

C3 

0. 55 l IE  00 

0.1931E 

03 

0.8018E  00 

0.5687E 

C3 

0.601CE  00 

0.2091E 

03 

0.8683E  00 

0.6158E 

C3 

0.6508E  00 

0.2251E 

03 

0.9349E  00 

0.6630E 

C  3 

0.7007E  00 

0 . 24  1 1 E 

03 

0.1C01E  01 

0.71C2E 

C3 

0.7506E  00 

0 . 257  IE 

03 

0. 1C68E  01 

0.7574E 

C  3 

0.8004E  00 

0.2731E 

03 

0. 1135E  01 

C.8046E 

C3 

0.8503E  00 

0 . 289  IE 

03 

0.1201E  01 

0.8518E 

C  3 

0.9002E  00 

0 . 305  IE 

03 

0.1268E  01 

0.8990E 

C3 

0 . 950  IE  00 
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M-l 

N 

5 

4 

3 

2 

1 


FQ=  0. 7495E-0  1 
RED.  FACTOR 
0.5956E  OC 
0.5232E  00 
0 . 42 1 6  E-00 
C. 2738E-00 
0. 7495E-0  1 


FM  =  0.1334F 
MULT. FACTOR 
0.1679E  01 
0.1911E  01 


0.2372E  01 
0.3653E  01 
0.1334E  02 


02 

SUM/W 
0.3754E 
0.3822E  01 
0.4108E  01 
0.5166E  01 
0.1334E  02 


SUM/29.8 
0. 1260E-00 
C. 1283E-00 
0. 1379E-00 
0. 1733E-00 
0. 4477E-C0 


NOPT=  5 
01 


M=2  FG=  0.2998E-01 
N  RED.  FACTOR 
7  0.6059E  00 

6  0.5574E  00 

5  0 . 4959E-00 

4  0.4161  E-00 

3  0 . 3 107  E-00 


FM  =  0.3336E  C2 
MULT. FACTOR  SUM/W 
0.1650E  01  0.4367E 

0.1794E  01  0.439SE 

0.2017E  01  0.4509E 

0.2403E  01  0.4806E 

C.3219E  01  0.5575E 


NOPT  = 

01 

01 

01 

01 

01 


7 

SUM/29.8 
C. 1465E-C0 
0. 1475E-C0 
0. 1513E-00 
0. 1613E-00 
0. 1871F  -00 


M=  3  FQ  =  0 •  1499E-0 1 
N  RED.  FACTOR 

8  0.5915E  00 

7  0.5488E  OC 

6  0 . 4966  E-00 

5  0 . 43 17  E-00 

4  0 . 3499E-00 


FM  =  0.667 
MULT. FACTOR 
0.1691E  01 
C.1822E  01 
0.2014E  01 
0.2317E  01 
0.2858E  01 


IE  C2 
SUM/W 
0.4782E  01 
0.4821E  01 
0.4933E  01 
0.5180E  01 
0.5716E  01 


8 

SUM/29.8 
0. 1605E-00 
0.161 8E-C0 
0. 1655E-C0 
0. 1738E-0O 
0. 1918E-00 


NOP  T  = 


M=  4 
N 
9 
8 
7 
6 
5 


FQ=  0.9993E-02 
RED.  FACTOR 
0 . 9994 E  00 
0.5623E  00 
0.5179E  00 
0 . 464  IE-00 
0.398  IE-00 


FM=  0.100 
MULT. FACTOR 
C.1668E  01 
0.  1778E  01 
C.1931E  01 
0.2155E  01 
0.2912E  01 


03  NOPT  = 
SLM/W 

0.5C05E  01 
0.5C30E  01 
0.5109E  01 
0.9278E  01 
0.5617E  01 


IE 


9 

SUM/29.8 
0. 1679E-00 
0. 1688E-00 
0. 1714E-00 
0.177  1E-C0 
0.1889E-00 


M=5 

N 

10 

9 

8 

7 

6 


FC=  0 . 7495E-02 
RED.  FACTOR 
0.613CE  00 
0.5806E  00 
0.5424E  00 
0.497CE-00 
0 . 4424E-00 


FM=  0.1334E 
MULT. FACTOR 
0.1631E  01 
0.1722E  01 
0.1844E  01 
0.2012E  01 
0.2260E  01 


NOPT  =  1C 

SUM/29.8 
0.1731 E-00 


03 

SLM/W 
0.5158E  01 
0.5167E  01 
0.5214E  01 
0.5323E  01 
0.5537E  01 


C. 1734E-0G 
0. 1750E-00 
0. 1786E-00 
0. 1H98E-00 
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TIME  FROM  PER  1 -APS  I  S  IN  MlNuTfcS 


CLASS  IN - 0,0 - 0  MARS-CLOSE 

6  CORRECTION  STEPS 


N 

RANGF 

TIME 

DELTA-TI 

ME 

0 

0.32LLE 

03 

0. 1738E 

04 

0. 

I 

0.I427E 

03 

0.7929E 

03 

0.9950c 

03 

2 

0.6373E 

02 

0.3530E 

03 

0.4399E 

03 

3 

0.2881E 

02 

0. 1586E 

03 

0.1944G 

03 

4 

0. 1336E 

02 

0.7276E 

02 

0.8583E 

02 

5 

0.6523E 

01 

0.3480E 

02 

0.37966 

02 

6 

0. 3499E 

01 

C.1781E 

02 

0.  16996 

02 

TIME 

FROM  PERI- 

APSIS  IN  MINUTES 

CLASS  IN-  — 

■o, 

0 - B  MARS-CLOSE 

8 

CORRECT  ION 

STEPS 

N 

RANGE 

TIME 

OELTA-l IME 

0 

0.3211E 

03 

0. 1788E 

04 

0. 

1 

0.1747E 

03 

0.9713E 

03 

0.8166E 

03 

2 

0.9524E 

02 

0.5285E 

03 

0.4427E 

03 

3 

0.5216E 

02 

0.2886E 

03 

0.240CE 

03 

4 

0.2880E 

02 

0. 1585E 

03 

0.130GC- 

03 

5 

0.1612E 

02 

0.8810E 

02 

0.7042E 

02 

6 

0.9248E 

01 

0.4995E 

02 

0.3816E 

02 

7 

0.5520E 

01 

0.2920E 

02 

0.2075E 

02 

8 

0.3497E 

01 

0.1780E 

02 

0.1140E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 - B  MARS-CLOSE 

10  CORRECTION  STEPS 


N 

RANGE 

TIME 

OELTA-T I 

ME 

0 

0.3211E 

03 

0. 1738E 

04 

0. 

1 

0. 1973E 

03 

0. 1097E 

04 

0.69C6E 

03 

2 

0. 1213E 

03 

0.6740E 

03 

0.42326 

03 

3 

0.7481E 

02 

0.4L47E 

03 

0.2593E 

03 

4 

0.4628E 

02 

0.2558E 

03 

0. 1589E 

03 

5 

0.2880E 

02 

0.1565E 

03 

0.9729E 

02 

6 

0. 1808E 

02 

0.9897E 

02 

0.5957E 

02 

7 

0 . 1 15  IE 

02 

0.6249E 

02 

0. 3648L 

02 

8 

0.7480E 

01 

0.4012E 

02 

0.2237F 

02 

9 

0 .501 IE 

01 

0.2635E 

02 

0. 1377L 

02 

10 

0.3497E 

01 

0. 1780E 

02 

0.9554c 

01 
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VARIATIONS  CN  PERI-APSIS  DISTANCE-  PARS 
CLASS  IN - C .  0 - C 

6CN='  0. 1  U5E-C0  RPE  RN  (  1  )  =  0./881E-01  DVON  =  G.4271E-00 


COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  IN - G.G - C  MARS 

BON=  0.1139E  Cl  AON=  0.3940E-01  ECCC=  0.2892E  02 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

0 

0. 32  1  IE 

03 

0.7493E  00 

0.5314E  C 3 

0. I000E 

01 

0.6510E 

02 

0.1519E-00 

0.1077E  C3 

0. 2027E- 

-00 

0.  I291E 

03 

0.3012E-00 

0.21 3  fa  E  C  3 

0.4020E 

-00 

0. I931E 

03 

0 . 4  506E- 00 

0.3I96E  C  3 

0. 6013E 

00 

C.2571E 

03 

0.5999E  00 

0.4255E  C  3 

0. 8007E 

00 

longitudinal 

ERROR 

RN 

DELRPN 

P 

Q 

0.32L1E 

03 

0. 1787E-03 

0. 1268E-C0 

0. 1000E 

OL 

0.6510E 

02 

0. 1739E-03 

0. 1233E-CO 

0. 9729E 

OO 

0. 1291E 

03 

0. 1754E-03 

0. 1244E-C0 

0.9813E 

00 

0.  1931E 

03 

0.  1759E-03 

0.  I248E-0O 

0 . 9  8  4  2  E 

00 

0.2571E 

03 

0. 1762E-03 

0. 1250E-C0 

0. 9857E 

00 

VARIATIONS  CN 

CLASS  IN - 

BON*'  0”.  1I39E 

PERI-APSIS  DI STANCE--MARS 

0.0 - C 

Cl  RPERN (21=  0.110CE  01 

DVON=  C  .  5 1  O' 

. RN" 

0.3211E 

03 

~ DELRPN 

0.7493E  00 

P 

0.53  14E 

C  3 

Q 

O.IOOCE  01 

0. 1710E 

02 

0 . 398  IE-0  l 

C.2B23E 

C  2 

0. 5312E-01 

0. 3310E 

02 

0 . 77 18E-01 

0.5474E 

C  2 

0. 1 030E-00 

0.4910E 

02 

0. I145E-00 

0.8I22E 

C  2 

0. 1528E-00 

0.6510E 

02 

0. 1519E-00 

0.1077E 

C  3 

0 . 2027E-00 

0.81106 

02  ' 

0.I892E-00 

0. 1342E 

C3 

0. 2525E-U0 

0.9709E 

02 

0. 2265E-00 

0.16G7E 

C  3 

0.3023E-00 

0. 1131E 

03 

0.2639E-00 

0.1872E 

C3 

0. 3522E-00 

0. 1291E 

03 

0. 301 ZE -CO 

0.21 36E 

03 

0 . 402CE-00 

0. 1451E 

03 

0. 3380E-00 

0.24CIE 

C3 

0.451 8E-00 

0.  IfcllE 

03 

0. 3759E-C0 

0 . 2  6  66E 

C  3 

0.5017E  00 

0. 1771E 

03  ' 

'  0.4132E-00 

0.2931E 

C  3 

0.5515E  00 

0. 1931E 

03 

0.4506E-00 

0.3L56F 

C  3 

0.6013E  00 

0.209IE 

03 

0.4879E-00 

0.34fc0E 

C  3 

0.65I2E  00 

0 . 225  IE 

03 

0.5253E  00 

0.3725E 

C  3 

0.701CE  00 

0.2411E 

03 

0.5626E  00 

0.3990E 

C  3 

0.7508E  00 

0.2571E 

03 

0.5999E  00 

0.4255E 

C3 

0.8007E  00 

0.2731E 

”03  ’ 

0.6373E  00 

0.4520E 

03 

0.8505E  00 

0.2891E 

03 

0.6746E  00 

C  .  4  7  8  5  E 

C3 

0.9003E  00 

0.3051E 

03 

"  0.7I20E  00 

0.5049E 

C3 

0.9502E  00 
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K=  1 
N 
4 
3 
2 
l 


FM=  0. 7493E 


Fli  =  0.1335E-00 
RED.  FACTOR 
0.6044E  00 
0.511CE  OC 
0. 3653E-0C 
0. 1335E-00 


MULT. FACTOR 
0.1655E  01 
C.1957E  01 
0.2737E  01 
0.7493E  01 


Cl  NOPT 
SUM/W 

0.3309E  01 
0.3389E  01 
0.3871E  01 
0.7493E  01 


M=  2  FQ=  0.5338E-01 
N  RED.  FACTOR 

6  0.6136E  00 

5  0.5565E  00 

4  0.4807E-0C 

3  0.3765E-00 

2  0.231CE-00 


FM=  0.1873E 
MULT. FACTOR 
0.163GE  01 
0.1797E  01 
0.2080E  01 
0  •  2656E  01 
0.4328E  01 


C2  NCPT= 
SUM/W 

0.3992E  01 
0.4C18E  01 
0.4161E  01 
0 . 4600E  01 
0.6121E  01 


M=  3 
N 
7 
6 
5 
4 
3 


FM=  0.3747E 


FQ=  0.2669E-C1 
RED.  FACTOR 
0.5959E  OC 
0.5467E  00 
0 • 4  845E-00 
0.4042E-00 
0 . 2989E-00 


MULT. FACTOR 
0.1678E  01 
0.1829E  01 
0.2064E  01 
0.2474E  01 
0.3346E  01 


02  NOPT 
SUM/W 

0.4440E  01 
0.4481E  01 
0.4615E  01 
0.4948E  01 
0.5796E  01 


M=4 

N 

8 

7 

6 

5 

4 


FM=  0.5620E  02 


FQ=  0. 1779E-Q1 
RED.  FACTOR 
0.6043E  00 
0.5624E  00 
0.511CE  00 
0 . 4467E-00 
0 . 3652  E-OC 


MULT. FACTOR 
0.1655E  01 
0.1778E  01 
0.1957E  01 
0.2238E  01 
0.2738E  01 


NOPT 

SUM/W 

0.4680E  01 
0.4704E  01 
0.4794E  01 
0.5C05E  01 
0.5476E  01 


M=5 

N 

9 

8 

7 

6 

5 


FM=  0.7493E  02 


FQ=  0.1335E-01 
RED.  FACTOR 
0.619CE  00 
0.583CE  00 
0.5397E  00 
0.487CE-00 
0 • 42 1 8E-0C 


MULT. FACTOR 
0.1615E  01 
0.1715E  01 
0.1853E  01 
0.2053E  01 
0.2371E  01 


NOPT 

SUM/W 

0.4846E  01 
0.4852E  01 
0.4902E  01 
0.5C29E  01 
0.5302E  01 


4 

SUM/29.8 
0.11 1 0E-00 
C.1137E-00 
0. 1299E-00 
C . 25 14E-C0 


6 

SUM/29. 8 
0. 1340E-00 
0.  1348E-00 
0.1396E-00 
C.  1544E-00 
C.2054E-00 


7 

SUM/29.8 
C.1490E-00 
0.1 504E-00 
C.1549E-00 
0. 1660E-00 
0.1945E-00 


8 

SUM/29.8 
0 . 157  IE-00 
0. 1579E-00 
0.1609E-00 
C.1680E-00 
0. 1838E-00 


9 

SUM/29.8 
0. 1626E-00 
C.1628E-00 
0. 1645E-00 
0. 1688E-00 
0.1779E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN— 

-o. 

0 - C  MAR 

S-CLOSE 

5 

CORRECT  ION 

STEPS 

N 

RANGE 

TIME 

DELTA-1 IME 

0 

0.321IE 

03 

0. I003E 

04 

0. 

1 

0. I36LE 

03 

0.4248E 

03 

0 . 5  7  83t 

03 

2 

0.5  803  E 

02 

O.I809E 

03 

0.2439E 

03 

3 

0.251IE 

02 

0.7809E 

02 

0. 1029H 

03 

4 

0. 1123E 

02 

0.3468E 

02 

0.43416 

02 

5 

0.5373E 

01 

O.I626E 

02 

0.I842E 

02 

TIME 

FROM  PERI- 

APSIS  IN  MINUTES 

CLASS  IN  — 

-0, 

0 - C  MARS-CLOSE 

7 

CORRECTION 

STEPS 

N 

RANGE 

TIME 

OELTA-T 

IME 

0 

0.32LIE 

03 

0. 1003E 

04 

0. 

1 

0.1738E 

03 

0.5428E 

03 

0.4604E 

03 

2 

0 . 943  IE 

02 

0.2943E 

03 

0.2485L 

03 

3 

0.5140E 

02 

0.1602E 

03 

0.1341E 

03 

4 

0.2825E 

02 

0.8788E 

02 

0.7235E 

02 

5 

0.15756 

02 

0.4883E 

02 

0.3905E 

02 

6 

0.9000E 

01 

0.2772E 

02 

0.2111F 

02 

7 

0.5368E 

01 

0.1625E 

02 

0.1147C 

02 

TIME  FROM  PERI- 

CLASS  IN - 0, 

9  CORRECTION 

APSIS  IN  MINUTES 

0— C  MARS-CLOSE 

STEPS 

N 

RANGE 

TIME 

DELTA-1 IME 

0 

0.3211E 

03 

0.1003E 

04 

0. 

1 

0.1992E 

03 

0.6221E 

03 

0.3811E 

03 

2 

0.1237E 

03 

0. 3862E 

03 

0.2359E 

03 

3 

0.7700E 

02 

0.2402E 

03 

0.1460E 

03 

4 

0.4808E 

02 

0. 1498E 

03 

0.9036C 

02 

5 

0.3018E 

02 

0.9392E 

02 

0.5593C 

02 

6 

0. 1910E 

02 

0.5930E 

02 

0.3462E 

02 

7 

0. L224E 

02 

0.3785E 

02 

0.2145E 

02 

8 

0.7997E 

01 

0.2455E 

02 

0. 1331F 

02 

9 

0.5369E 

01 

0. I625E 

02 

0.82911: 

01 
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COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  6 1 — 1/2.1— H  VENUS,  RETURN 

eON=  0.3020F  C2  AON-  0.1068E  02  ECCO=  0.3000E  01 

TRANSVERSE  ERROR 


■RN 

DELRPN 

P 

Q 

0.2347E 

03 

0.3832E  01 

0.2718E 

C4 

0. 1000E 

01 

0.6402E 

02 

0.9552E  00 

0.6774E 

03 

0.2493E- 

-00 

0. 1067E 

G  3 

0 . 1689E  01 

0. 1 198E 

04 

0.4407E- 

-00 

0. 1494E 

03 

O.2407E  01 

0. 17C7E 

C4 

0.6281E 

00 

0. 192GE 

03 

0.3120E  01 

0.2213E 

C4 

0.8142E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347E 

03 

0 . 2 108E-0Q 

0. 1495E 

C3 

0. 1000E 

01 

0.6402E 

02 

0. 1395E-00 

0.9894E 

C2 

0.6617E 

00 

0. 1C67E 

03 

0. 1767E-00 

0.1253E 

C  3 

0.8381E 

00 

0. 1494  E 

03 

0. 1941E-00 

0. 1377E 

C3 

0.9207E 

00 

0. I920E 

03 

0 . 2042E-00 

0. 1448E 

03 

0.9686E 

00 

VARIATIONS  CN  PERI-APSIS  DISTANCE — VENUS, RETURN 
CLASS  B I  — 1/2.1 — h 

BON=  0.3020E  C2  RPERNUI*  0.2135E  02  DVON=  0.5748E~'l 


"  'RN 

DELRPN 

p 

C 

0.2347E 

03 

0.3832E 

01 

0.2718E 

04 

O.IOOOE  01 

0.3202E 

02 

0.3S57E- 

•00 

0.2523E 

03 

0.9283E-01 

0.4269E 

02 

0.5683E 

00 

C  .  403  IE 

03 

0. 1483E-00 

0.5335E 

02 

0.7652E 

00 

0.5427E 

C3 

0. 1997E-00 

0.6402E 

02 

0.9552E 

00 

0.6774E 

03 

0 . 2493E-00 

0.74696 

02 

0.U41E 

01 

0.8095E 

03 

0 . 2979E-00 

0.8535E 

02 

0.1325E 

01 

0.9399E 

03 

0. 3458E-00 

0.9602E 

02 

0. 1507E 

01 

0.1C69E 

C4 

0 . 3934E-00 

0. 1067E 

03 

0.1689E 

01 

0.1198E 

04 

0.4407E-00 

0. 1174E 

03 

0. 1869E 

01 

0.1325E 

04 

0.4877E— 00 

0. 1280E 

03 

0.2049E 

01 

0.1453E 

C4 

0.5346E  00 

0. 1387E 

03  '  ‘ 

0.2228E 

01 

0.1580E 

C4 

0.5814E  CO 

0. 1494E 

03 

0.2407E 

01 

0.17C7E 

C4 

0.6281E  00 

0.1600E 

03 

0.2585E 

01 

0.1833E 

C4 

0.6747E  00 

0.1707E 

03 

0.2764E 

01 

0.196CE 

C4 

0.7212E  00 

0.  1814E 

03 

0.2942E 

01 

C.2086E 

C4 

0.7678E  00 

0.1920E 

03 

0.3120E 

01 

0.2213E 

C4 

0.8142E  00 

0.2027E 

03 

' 0.3298E 

01 

0.2339E 

C4 

0.8607E  00 

0.2134E 

03 

0.3476E 

01 

0.2465E 

C4 

0. 907 IE  00 

0. 2240E 

03 

0.36S4E 

01 

0.2591E 

C4 

0.9536E  00 

GA/Phy s/63-5, 6 


M=4 

N 

1 


FQ  =  0.7082E  CO 
PCD.  FACTOR 
0.7G82E  00 


.  FM  =  0.1412E  Cl  NOPT  = 

PULI. FACTOR  SLM/W 

C.1412E  01  0.1412E  01 


y.=  s 

N 

1 


FQ=  0.5311E  00 
RED.  FACTOR 
0.5311E  00 


FM  =  0.1883C  Cl  NCPT  = 

MULT. FACTOR  SOM/W 

C.1883E  01  0.ie83E  01 


TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  81  —  1/2,1 — H  VENUS-OPT-RETURN 


1 

CORRECTION  STEPS 

N 

RANGE  TIME 

DELTA-T I  ME 

0 

0.2347E  03  0.9389E 

04 

0. 

1 

0.1347E  03  0.5188E 

04 

0.4201E  04 

1 

SUK/29.8 

0.4738E-C1 


1 

SUM/29.8 

C.6318E-C1 
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COMP AR  I  SON  C  E  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  fi I  — 1/2.1  —  H  VENUS,  RETURN 

BON=  0.48516  01  AON=  0.1068E  0?  ECCC=  0.1098E  01 

TRANSVERSE  ERROR 


'  RN 

D6LRPN 

P 

Q 

G.2347E 

03 

0.2  1866  01 

0. 1551F. 

C4 

0. 1000E 

01 

0.47786 

02 

0 . 3650E-00 

0.2589E 

03 

0. 1669E 

-00 

0.9451E 

02 

0.76676  00 

0.5437E 

03 

0.3507E 

-00 

0. 14  126 

03 

0.1206E  01 

C . 8  5  57E 

C  3 

0.5518E 

00 

C .  1680E 

03 

0 . 168  IE  01 

0.1192E 

C4 

0. 7688E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347E 

03 

0. 3173E-01 

0.2250E 

C2 

0. 1000E 

01 

0.4778E 

02 

0 . 2  703E-0 1 

0.1917E 

C2 

0.8519E 

00 

0.9451E 

02 

0. 2972 E- 01 

0.21C8E 

02 

0.9365E 

00 

C.  1412E 

03 

0.3079E-01 

0.2184E 

02 

0.9703E 

00 

0.18806 

03 

0. 3137E-01 

0.2225E 

L2 

0.9886E 

00 

VARIATIONS  CN  PERI-APSIS  DISTANCE — VENUS, RETURN 
CLASS  BI  — 1/2.1--H 

BCN=  0.4851E  Cl  RPERN(2)=  0.105CE  01  DVON=  C.1163E-C0 


RN 

0.2347E  03 
0.1273E  02 
0.2441E  02 
0. 3fc  10E  02 
0.4778E  02 
0.5946E  02 
0.7U4E  02 
0.8283E  02 
0.9451C-  02 
0.1062E  03 
0.1179E  03 
0.1296E  03 
0.1412E  C 3 
0.1529E  03 
0.1646E  03 
0.1763E  03 
0.1880E  03 
0.1996E  03 
G.2113E  C 3 
0.2230E  03 


DELRPN 
0.2186):  01 
0.9C45E-C1 
0. 1794E-00 
0 . 2709E-00 
0 . 3650E-00 
0 . 46 1 6E-00 
0.56086  CO 
0.6625E  00 
0.76676  00 
0.87326  00 
0.98206  00 
0.1C93E  01 
0.12G6E  01 
0.13226  01 
0.14406  01 
0.16396  01 
0.16816  01 
0.  lb04E  Cl 
0.19306  01 
0.20576  01 


P 

0. 1551E 

C4 

0.6415E 

C2 

C.1273E 

C3 

0. 1921E 

C3 

0.2589E 

C3 

0.3274E 

C  3 

0.3978E 

C3 

0.4699E 

C  3 

0.5437E 

C  3 

0.6153E 

C  3 

0.6965E 

C3 

0.7753E 

C  3 

0.85571: 

C3 

0.9376E 

C  3 

0 . 102  IE 

C4 

0.11C6E 

04 

C.1152E 

C4 

0.1280E 

C4 

0.1369E 

C4 

0.1459E 

C4 

Q 

0.1000E  01 
0.4137E-01 
0 . 8207E-0 1 
0. 1239E-00 
0. 1669E-00 
0.21 12E-00 
0 . 2565E-00 
0 . 303CE-00 
0 . 3507E-00 
0 . 3994E-00 
0 . 4492E-00 
0.5C00E  00 
0.5518E  00 
0.6047E  00 
0.65856  00 
0.7132E  00 
0.76886  00 
0.8253E  00 
0.88276  00 
0.941CE  00 
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M  =  l 

FU  =  0.2298E-01 

FM  = 

0.435 

2 E  C2 

N0PT  = 

8 

N 

RED.  FACTOR 

MUL  f. FACTOR 

SLM/W 

SUM/29. 8 

8 

0 . 624CE  00 

0. 16036 

01 

0.4533E 

01 

0.152 1  E-CO 

7 

0.58336  OC 

C. 1714E 

01 

0.4536E 

01 

C. 1522E-00 

6 

0 . 5  3  3  2  E  00 

0 . 1 8  75t 

01 

0.4594E 

01 

0. 1542E-00 

5 

0.47G2C-00 

0.2L27E 

01 

0.4756E 

01 

0. 1596E-00 

4 

0. 3892E-00 

0. 28686 

01 

0.5137E 

01 

0.1 724E-C0 

M=  2 

F  0=  0.9191E-02 

FM  = 

0. 1088E 

C3 

NOPT  = 

9 

N 

RED.  FACTOR 

MULT. FAC  TOR 

SLM/W 

SUM/29.8 

9 

0.593SE  OC 

0 . 1684E 

01 

0.5C51E 

01 

C.1695E-C0 

8 

0.5564E  OO 

0. 1797E 

01 

0.5C83E 

01 

C. 1706E-C0 

7 

G.5117E  OC 

0 . 1954E 

01 

0.5  170E 

01 

0.17  35t-G0 

6 

0.4577E-0C 

C.2185E 

01 

0.5352E 

01 

C.1796E-CC 

5 

0. 3914E-OC 

0 .2555E 

01 

0.5712E 

01 

C.1917E-00 

M  =  3 

FQ=  0.4596E-02 

FM  =  C.2176E 

C  3 

ncpt= 

11 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

11 

0.613CE  00 

0.  163 IE  01 

0.5410E 

01 

0.1815E-C0 

1C 

0.5838E  OC 

0.17136  01 

0.5417E 

01 

0 . 1 8 1  BE ■ 00 

9 

0.5499E  OC 

0.1819E  01 

0.54566 

01 

C.1831E-00 

8 

0.5103E  00 

0.1960E  01 

0.5543E 

01 

0. 18606-00 

7 

0.4635E-00 

0.2158E  01 

0.5708E 

01 

C.  1916E-C,- 

II 

F0=  0 • 3064E-0  2 

FM= 

0.3264E 

03 

NCP  T  = 

12 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

12 

0.6172E  00 

0. 1620E 

01 

0 . 56  1  IE 

01 

0. 1883E-00 

11 

0.5909E  00 

C.  1692E 

01 

0.5613E 

01 

0.1884E-00 

10 

0.56066  00 

0.17846 

Cl 

0.5641E 

01 

0 . 1 893E-00 

9 

0.52566  OC 

0.19026 

01 

0.5707E 

01 

C.1915E-00 

8 

0.485CE-00 

0.2062E 

01 

0.5831E 

01 

0.1957E-00 

K=5 

FC=  0 . 2298E-02 

FM  = 

0.4352E 

C3 

NCPT  = 

12 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

12 

0.6027E  OC 

0 . 1659E 

01 

0.57486 

01 

0. 1929E-00 

11 

0.5756E  00 

0. 1737E 

01 

0.57626 

01 

C. 19346-00 

10 

0.5447E  00 

0. 1836E 

01 

0 . 5  8066 

01 

C. 19466-00 

9 

0. 509  IE  OC 

0. 1964E 

01 

0.58936 

01 

C . 1 977E-C0 

8 

0.46  796-00 

0.2137E 

01 

0.6C45E 

01 

C.2028E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  BI--L/2, 1 — H  VENUS-CLOSE-RETURN 


8 

CORRECTION 

STEPS 

N' 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.8997E 

04 

0. 

1 

0. 1104E 

03 

0.3866E 

04 

C . 5  I  31fc 

04 

2 

0 .5220E 

02 

0. 1602E 

04 

G.2264E 

04 

3 

0.2498E 

02 

0.6445E 

03 

0.9572E 

03 

4 

0. 1225E 

02 

0.2894E 

03 

0.3850E 

03 

5 

0.6290E 

01 

0. 1100E 

03 

C. 1494t 

03 

6 

0.3502E 

01 

0.5172E 

02 

0.5830E 

02 

7 

0.2197E 

01 

0.2750E 

02 

0.2422E 

02 

8 

0. 1587E 

01 

0. 1625E 

02 

0. 1125E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI — l/2» l — H  VENUS-CLOSE-RETURN 

10  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.8997E 

04 

0. 

1 

0.1283E 

03 

0.4590E 

04 

0.4406E 

04 

2 

0.7037E 

02 

0.2289E 

04 

0.2302E 

04 

3 

0.3881E 

02 

0.1116E 

04 

0.1173E 

04 

4 

0.2162E 

02 

0.5367E 

03 

0.5792E 

03 

5 

0.122SE 

02 

0.2596E 

03 

0.2771E 

03 

6 

0.7153E 

01 

0.129BE 

03 

0.1298F 

03 

7 

0.4374E 

01 

0.6897E 

02 

C  .  b08 IE 

02 

8 

0.2861E 

01 

0.3962E 

02 

0 . 29  36c 

02 

9 

0.2036E 

01 

0.2459E 

02 

0. 1503E 

02 

10 

0.1587E 

01 

0. 1626E 

02 

0.8326E 

01 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  81  — 1/2 » 1  —  H  VENUS-CLOSE-RETURN 

12  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.8997E 

04 

0. 

1 

0.1419E 

03 

0.5143E 

04 

0.3854E 

04 

2 

0.8592E 

02 

0.2894E 

04 

0.2249E 

04 

3 

0.5220E 

02 

0. 1602E 

04 

0. 1292E 

04 

4 

0.318BE 

02 

0.8746E 

03 

0.7270E 

03 

5 

0. 1963E 

02 

0.4748E 

03 

C.3999t 

03 

6 

0.1225E 

02 

0.2594E 

03 

0.2153F 

03 

7 

0.7800E 

01 

0. 1451E 

03 

0. 1144E 

03 

8 

0.5118E 

01 

0.8442E 

02 

0.6067F 

02 

9 

0.3502E 

01 

0.5172E 

02 

0.3270L 

02 

10 

0.2528E 

01 

0.3350E 

02 

0.1822E 

02 

11 

0. 1941E 

01 

0.2285E 

02 

0.1065E 

02 

12 

0. 1S87E 

01 

0. 1625E 

02 

0.6595E 

01 
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COMPARISON 

CF  LONGITUDINAL 

AND  TRANSVERSE  VELOCITY  ERRORS 

CLASS 

EX- 

—  C.O - A 

VENUS,  RE 

TLRN 

BON=  0. 

5564C  Cl  AON  =  0. 

1967E  01 

ECCC  = 

0.3000E 

01 

TRANSVERSE 

ERROR 

RN 

OELRPN 

P 

Q 

0.2347E 

03 

0.1669E  01 

0. 1184E 

C  A 

0.  1000E 

01 

0.5009E 

02 

0. 3507E-00 

0.2488E 

03 

0. 2101E 

-00 

0.9624E 

02 

0.6788E  CO 

G.4814E 

C  3 

0.4066E- 

-00 

0. 1424E 

03 

0.1C08E  01 

G.7148E 

C  3 

0. 6037E 

00 

0. 1885E 

03 

0 . 1 3  3.8  E  01 

0.9490E 

C  3 

0.8015E 

00 

LONGITUDINAL  ERROR 

RN 

DELRPN 

P 

C 

0.2347E 

03 

0. 1889E-01 

0. 1340E 

C2 

0. 1000E 

01 

0 . 50G9E 

02 

0. 1719E-01 

0.1219E 

C2 

0.9097E 

on 

0.9624E 

C2 

0. 1821E-01 

0. 1292E 

02 

0. 96A0E 

00 

0. 1424E 

03 

0. 1858E-C1 

0. 1318E 

C2 

0.9837E 

00 

0. 1885E 

03 

0. 1878E-01 

0. 1332E 

02 

0. 9938E 

00 

VARIATIONS  CN  PERI-APSIS  01  STANCE— VENUS .RETURN 


CLASS 

EX— 

-C.O - A 

BON=  0. 

556AE 

Cl  RPERN ( 1 )  = 

0.393AE 

Cl 

DVON=  0.1339E 

RN 

OELRPN 

P 

Q 

0.23A7E 

03 

0.1669E  01 

C.lieAE 

CA 

0.100CE  01 

0.1547E 

02 

0.  10296-00 

0.7298E 

C2 

0.61646-01 

0.2701E 

02 

0. 1864E-00 

0. 1322E 

C3 

0. 1116E-00 

0.3855E 

02 

0.2687E-00 

0.19C6E 

C  3 

0. 1609E-00 

0.5C09E 

02 

0. 3507E-00 

0.2A38E 

C  3 

0.2 101E-00 

0.6162E 

02 

0. A327E-00 

0.3C69E 

C  3 

0. 2592E-00 

0.7316E 

02 

0.51A7E  00 

0.3650E 

C3 

0 . 3083E-00 

0.8A70E 

02 

0.59676  00 

0.A232E 

C3 

0 . 357AE-00 

0.962AE 

02 

0.67886  00 

0.A81AE 

C3 

0. A066E-00 

0. 1C78E 

03 

0.76096  CO 

0.5397E 

C3 

0. A558E-00 

0. 1193E 

03 

0.8A31E  00 

0.5980E 

03 

0.505CE  00 

0.L309E 

03' 

0.925AE  00 

C.6563E 

C  3 

0.55A3E  00 

0. 1A2AE 

03 

0.1C08E  01 

0.7148E 

C  3 

0.6037E  00 

0. 1539E 

03 

0.1090E  01 

0.7732E 

C  3 

0.6531E  00 

0. 1655E 

03 

0.1173E  01 

0.8318E 

C  3 

0.7025E  00 

0.1770E 

03 

0.1255E  01 

0.89CAE 

C  3 

0.7520E  00 

0. 1885E 

03 

0.1338E  01 

0.9AS0E 

C  3 

0.8015E  00 

0.2C01E 

03 

0.1421E  01 

0. 10C8E 

CA 

0. 851  IE  00 

0.2116E 

03 

0.150AE  01 

0.1066E 

CA 

0.9007E  00 

0.2232E 

03 

0.1587E  01 

0.1 125E 

CA 

0.9503E  00 

194 


GA/Phys/63-5,6 


M=2 

FC  =  0.7C30E  00 

FM-  0.1422E  Cl 

NOPT  = 

1 

N 

RED  .  FACTOR 

MULT. FACTOR  SLM/W 

SUM/29.8 

1 

0.703CE  OC 

0.1422E  01  0 •  1422E 

01 

C .  4773E-C 1 

M=3 

FC=  0 . 313 15E-00 

FM=  0.2 

845E  01 

NCPT  = 

2 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

2 

0.5929E  00 

0.1687E  01 

0.2385E 

01 

0. 8004E-01 

1 

0.35 15E-00 

0.2845E  01 

0.2845E 

01 

0.9546E-C1 

M=4 

F  C  =  0.2343E-00 

FM  = 

0.4267E 

Cl 

NOPT  = 

3 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

3 

0.6165E  00 

0. 1622E 

01 

0.2809E 

01 

0. 9427E-01 

2 

0.484  LE-00 

0.2066E 

01 

C . 292  IE 

01 

0 . 9803E-0 1 

1 

0.2343E-00 

0 . 4  2  fa  7  E 

01 

0.4267E 

01 

C.  1432E-C0 

M=  5 

F0=  0.1 758E-00 

FM  = 

C.5690E 

Cl 

NCPT  = 

3 

N 

REO.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

3 

C . 560  IE  00 

0. 1785E 

01 

0.3C92E 

01 

0. 1038E-00 

2 

0.4 192E-0C 

0.2385E 

01 

0.3373E 

01 

0.1132E-00 

1 

C.  175  8E-0C 

C.5690E 

01 

0.5690E 

01 

0. 1909E-00 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - 0,0 - A  VENUS-OPT- 

•RETURN 

1  CORRECTION  STEPS 

N 

RANGE  TIME 

OELTA-T I  ME 

0 

0.2347E  03  0.4289E  04 

0. 

1 

0.4450E  02  0.7653E  03 

C.3524E 

04 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - 0,0 - A  VENUS-OPT 

-RETURN 

2 

CORRECTION  STEPS 

N 

RANGE  TIME 

DELTA-TIME 

0 

0.2347E  03  0.4289E  04 

0. 

1 

0.1007E  03  0.1796E  04 

0.2492E 

04 

2 

0.4449E  02  0.7650E  03 

0. 1031b 

04 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - 0,0 - A  VENUS-OPT- 

-RETURN 

3 

CORRECTION  STEPS 

N 

RANGE  TIME 

DELTA-TIKE 

0 

0.2347E  03  0.4289E  04 

C. 

1 

0.1332E  03  0.2399E  04 

C. 1890L 

04 

2 

0.7633E  02  0.1348E  04 

0. 1051b 

04 

3 

0.4448E  02  0.7649E  03 

C. 5826F 

03 
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COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 

CLASS  EX - 0.0 - A  VENUS,  RETURN 

BCN=  0.2288C  Cl  AON=  0.  1967E  01  ECCC=  0.1534E  01 

TRANSVERSE  ERROR 


•RN 

OELRPN 

P 

c 

0.2347E 

03 

0.1472E  01 

0. 1044E 

04 

0. 1000E 

01 

0.4778E 

02 

0.2  7  76E-00 

0.1969E 

03 

0. 1886E 

-00 

0.9451E 

02 

0.56296  GO 

0.3993E 

03 

0. 3824E 

-00 

0. 1412E 

03 

0.85846  CO 

0.6088E 

C  3 

0.5832E 

00 

0. 1880E 

03 

0.11626  01 

0.8241E 

0  3 

0.7894E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

C 

0.2347E 

03 

0.  1C03E-01 

0.7117E 

Cl 

0. 100CE 

01 

0.47786 

02 

0.95536-02 

0.6775E 

Cl 

0.9520E 

00 

0.9451E 

02 

0.98476-02 

C.6984E 

01 

0.9813E 

00 

0.14126 

03 

0.9950E-02 

0 . 705  7E 

01 

0.9916E 

00 

0. 1880E 

03 

0.  ICOOE-0 1 

C.7094E 

Cl 

0.9968E 

00 

VARIATIONS  CN 

PERI-APSIS  DISTANCE— VENUS, 1 

RETURN 

CLASS 
BON=  0. 

EX - 

2288E 

0.0 - A 

01  RPERNI 2  )  = 

0.105CE 

01 

D VON=  0.1534E 

'  RN 

0.2347E 

03 

DELRPN  ' 
0.1472E  01 

P 

0.1044E 

C4 

Q 

0.1000E  01 

0.12736 

02 

0.71596-01 

0.5077E 

C2 

0. 4863E-01 

0.2441E 

02 

0. 13956-00 

0.9895E 

02 

0.9479E-01 

0.3610E 

02 

0.2082E-00 

0.1476E 

C3 

0 . 14 14E-00 

0.4778E 

02 

0 . 2776E-00 

0.1969E 

C3 

0. 1886E-00 

0. 59466 

02 

0 . 34796-00 

C.2467E 

C3 

0 . 2363E-00 

0.7114E 

02 

0.4189E-Q0 

0.2971E 

03 

0 . 2846E-00 

0.82836 

02 

0 . 4906E-00 

0 .34796 

C  3 

0 . 3333E-00 

0.94516 

02 

0.5629E  00 

0.3993E 

03 

0 . 3824E-00 

0.  10626 

03 

0.6360E  CO 

0.4510E 

03 

0 . 4320E-00 

0.11796 

03 

0.7096E  00 

0.5032E 

03 

0 . 4820E-00 

0.12966 

03 . 

0.7837E  00 

0.5558E 

03 

0.5324E  00 

0. 1412E 

03 

0.8584E  00 

C.60e8E 

03 

0.5832E  00 

0.  1529E 

03 

0.9336E  00 

0.6622E 

03 

0.6343E  00 

0.  16466 

03 

0.1009E  01 

0.7158E 

03 

0.6857E  00 

0.  1763E 

03 

0.10856  01 

0.769BE 

03 

0.7374E  00 

0. 1880E 

03 

0.1162E  01 

0.8241E 

03 

0.7894E  00 

0.  1996E 

03 

0.1239E  01 

0.8787E 

03 

0.8417E  00 

0.2113E 

03 

0. 1316E  01 

0.9335E 

03 

0.8942E  00 

0.2230E 

03 

0 .  1 394 E  01 

0.9886E 

03 

0.9470E  00 
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M=1 

M 

7 

6 

s 

1 

3 


FQ=  0 . 34 1 3E-0 1 
RED.  FAC fOR 
0.6172E  OC 
0.5695E  00 
0.5U89E  00 
0. 4298E-0C 
0.3244  E-OC 


* UL  I  .FACTOR 
0.1620E  01 
C.1756E  01 
0.1965E  01 
C.2327E  01 
0.3C83E  01 


C  2  NCR  T 

SLM/W 

0.4287E  01 
0.4301E  01 
0 . 4  3  9  4  E  01 
0.4653E  01 
0.5340E  01 


7 

SUM/29.8 
C. 1438E-C0 
0. 1443E-00 
C. 1475E-00 
0. 1561E-C0 
C. 1792E-C0 


M=  2 
N 
9 
8 
7 
6 
5 


FG  =  0 . 1365E-0 1 
RED.  FACTOR 
0.6206E  00 
0.5846E  OC 
0.5415E  00 
0 . 4889E-00 
0.4237E-00 


FM=  0.7325E 
MULT. FACTOR 
0 .  I  6 1 1 E  01 
0.1710E  01 
0.1847E  01 
C.2046E  01 
0.2360E  01 


C  2  NOP  T  = 
SLM/W 

0.4834E  01 
0.4838E  01 
0.4886E  01 
0.5C11E  01 
0.5278E  01 


9 

SUM/29.8 
0. 1622F-00 
C. 1623F-00 
0.  1640E-00 
C. 1681E-C0 
0. 1771E-00 


M=  3  FU=  0.6825E-C2 
N  RED.  FACTOR 

10  0.6073E  OC 

9  0. 574tE  OC 

8  0 . 536  IE  OC 

7  0.4904E-00 

6  0.4355E-0C 


FM=  0.1465E  C 3  N0PT=1C 


MULT .FACTOR 
C.1647E  01 
0.1740E  01 
0.1865E  01 
0.2039E  01 
0.2296E  01 


SLM/W 

0.5207E  01 
0.5221E  01 
0.5276E  01 
0.5395E  01 
0.5624E  01 


SUM/29.8 
0. 1747E- "0 
C.  1752000 
C. 1770E-00 
C. 1810E-0" 
0. 1887E-0w 


M  =  4  F0=  0 . 4  550E-02 

N  RED.  FACTOR 
11  0.6125E  00 

1C  0.5832E  OC 

9  0.5493E  OC 

8  0.5096E  00 

7  0 . 462  8  E-OG  • 


FM=  0.2198E  C 3 
MULT. FACTOR  SUM/W 
C.1633E  01  0.5415E 

0.1715E  01  0.5422E 

0.1821E  01  0.5462E 

0.1962E  01  0.5550E 

C.2161E  01  0.5716E 


NCPT=  1 1 


SUM/29.8 

01 

0. 1617E-C0 

01 

0. 1820E-00 

01 

C.  1833E-C0 

01 

0. 1862E-00 

01 

C. 1918E-C0 

M=  5  F0=  C.3413L-02 

N  RED.  FACTOR 

11  0.5967E  00 

10  0.5666E  00 

9  0.532CE  00 

8  C.4916E-0C 

7  0.4442E-00 


FM=  0.2930E  C3  NCPT=11 


MULT .FACTOR 


0. 

3  676E 

01 

C  . 

1765E 

01 

0. 

1880E 

01 

C. 

2034E 

Cl 

0. 

2251E 

01 

SLM/W 

0.5559E  01 
0.5581E  01 
0.5639E  01 
0.5753E  01 
0.5956E  01 


SUM/29.8 
C. ) 865E-00 
0. 1873E-00 
0. 1892E-C0 
C.  1931E-00 
0. 1999E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX - 0,0 - A  VENUS-CLOSE-RETUKN 


7  CORRECTION  STEPS 
N  RANGE  TIME 

0  0.2347E  03  0.426SE  04 

1  0.1048E  03  0. L8SIF  C4 

2  0.4715E  02  0.7935E  03 

3  0.2153E  02  0.3369E  03 

4  0.1015E  02  0.L442E  03 

5  0.509LE  01  0.6476E  02 

6  0.2845E  01  0.3193E  02 

7  0.18476  01  0.1756E  02 


DELTA-T I  ME 

0. 

0.2414E  04 
C.1037E  04 
0.4566E  03 
0.1927E  03 
0.7946E  02 
0.3283b  02 
0.14371  02 


i 


TIME  FROM  PERI-APSIS 

CLASS  EX - 0,0 - A 

9  CORRECTION  STEPS 
N  RANGE 

0  0.2347E  03  0 

1  0.1254E  03  0 

2  0.6718E  02  0 

3  0.3623E  02  0 

4  0.1977E  02  0 

5  0.1101E  02  0 

6  0.6347E  Cl  0 

7  0.3868E  01  0 

8  0.2549E  01  0 

9  0.1848E  01  0 


N  MINUTES 

VENtlS-CLOSE-RETURN 

TIME  DELTA-T l ME 

4263E  04  0. 

2  2 Hi-  04  0.2035E  04 

11S8E  04  0.1072E  04 

5969E  03  0.56I3E  03 

3064E  03  0.29CSE  03 

1583E  03  0.1481E  03 

8388E  02  0.7440E  02 

4667E  02  0 . 372  IE  02 

2  7 7 1 E  02  0.1896E  0? 

1757E  02  0.1015E  02 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX - 0,0 - A  .  .  VENUS -CLOSE-RE TURN 

11  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

C  3 

0.4265E 

04 

0. 

1 

0. 1405E 

03 

0.2511E 

04 

0.  1754E 

04 

2 

0.8424E 

02 

0. 1471E 

04 

0. 1040E 

04 

3 

0.5069E 

02 

0.8576E 

03 

C.6136C 

03 

4 

0.3067E 

02 

0.4977E 

03 

0.3599E 

03 

5 

0.1872E 

02 

0.2884E 

03 

0.2093L 

03 

6 

0.  U60F. 

02 

0.  1680E 

03 

0. 12041 

03 

7 

0.7343E 

01 

0.9937E 

02 

0.68611' 

02 

8 

0.4805E 

01 

0. 6048E 

02 

G.3888E 

02 

9 

0.3291E 

01 

0.3832E 

02 

0.2217E 

02 

10 

0.2387E 

11 

0.2539E 

02 

C.  1292E 

02 

11 

0. 1848E 

01 

0. 17S7E 

02 

0. 7826F 

01 
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COMPARISON  CP  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  EX - 0.0 - C  VENUS,  RETURN 


eON=  0.4674L 

Ol  AON=  0. 

1652L  01 

ECC  C  = 

0.3000E 

01 

TRANSVERSE  ERROR 

'  RN 

DELRPN 

P 

U 

G.2347E  03 

0.1532E  01 

0. 1086E 

C4 

0. 1000E 

01 

0.4958E  0? 

0. 318BE-00 

0 . 2  2  fc  IE 

C  3 

0.2082E 

-00 

0.9586E  02 

0.6203E  00 

U.4359E 

03 

0.4050E 

-00 

0.1421E  03 

0.9229E  00 

C.6545E 

C  3 

0.6025E 

00 

0.1884E  03 

0.1227E  01 

0.87C0E 

C  3 

0.8009E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347E  03 

0. 1461E-01 

0. 1037E 

C2 

0. 1000E 

01 

0.4958E  02 

0. 1349E-01 

0.9566E 

Cl 

0.9229E 

ns.: 

0 . 9 ‘i 8 6 E  02 

0. 1417E-01 

0.10C5F. 

C2 

0.9695E 

00 

0.1421E  03 

0. 1441E-C1 

0.1022E 

C2 

0.9862E 

00 

0.1884E  03 

0. 1454E-01 

0. 1031E 

C2 

0.9948E 

00 

VARIATIONS  ON  PERI-APSIS  D I  ST ANCE-- VENUS , RE  TURN 


CLASS 

EX - 

C. 

c— c 

BCN=  0. 

4674E 

Cl 

RPERNI 

'  RN 

DELRPN 

0.2347E 

03 

0.1532E 

01 

0. 1487E 

02 

0.9181E- 

01 

0.2644E 

02 

0. 1681E- 

■00 

0.3801E 

02 

0.2435E- 

GO 

0.4958E 

02 

0. 3188E- 

00 

0 .  ”6 1 1 5  E 

02 . 

0.3941E- 

■00 

0.7272E 

02 

0.4694E- 

■00 

0.8429E 

02 

0.5440E 

00 

0.9586E 

02 

0.6203E 

00 

O'.  1C74E 

03 

0.6958E 

00 

0. 1190E 

03 

0.7714E 

00 

'(5.T306E 

03  ' 

0.8471E 

00 

0. 142  IE 

03 

0.9229E 

00 

0. 1537E 

03 

0.9988E 

00 

0. 1653E 

03 

0. IC75E 

01 

0. 1768E 

03 

0. 1151E 

01 

0. 1884E 

03 

0. 1227E 

01 

0.2000E 

03 

0. 1303E 

01 

0. 2116E 

03 

0. 1379E 

01 

0.2231E 

03 

0. 1455E 

01 

/ 


. 3305E 

01 

DVON=  0.146 

P 

C 

c.ioeoE 

C4 

0.1000E  01 

0.6511E 

C2 

0.5994E-01 

0.1192E 

03 

0. 1097E-00 

0.1727E 

C3 

0. 159CE-00 

G.2261E 

C  3 

0. 2082E-00 

C.27SSE 

C  3 

0. 2573E-00 

0.3329E 

C  3 

0. 3065E-00 

0.3864E 

C  3 

0. 3557E-00 

0.4399E 

C  3 

0 . 4050E-00 

C.4935E 

C3 

0 . 4543E-00 

0.54 7  IE 

C  3 

0.5036E  00 

0.60C8E 

C  3 

0.5531E  00 

0.6545E 

C3 

0 . 602 5t  00 

0.7083E 

C  3 

C.6520E  00 

C.7622E 

C  3 

0.7016E  00 

0.8 16  IE 

C3 

0.7512E  00 

C . 87  COE 

03 

0.8009E  00 

0.9240E 

C  3 

0.8506E  00 

0 . 978  IE 

C  3 

0.9004E  00 

0.1032E 

C4 

0.9502L  00 
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M=2 

FQ=  0.6019E  00 

FK=  0.166  IE  Cl 

NCPT  = 

1 

N 

RED.  FACTOR 

MUH.f  ACTOR  SLM/H 

SUM/29.8 

l 

0.601;E  00 

0. 1661E  01  0.  1661E 

01 

C.5575E-C1 

K"-  3 

FU=  0.30 1 0fc-00 

FH- 

0.332 

3t  Cl 

NCPT  = 

2 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/R 

SUM/29.8 

2 

0.5486E  00 

C. 1823E 

01 

0.2578E 

01 

0.863 1 E-C l 

1 

0.301CE-00 

0. 3323E 

01 

0. 3323E 

01 

0.  1115E-C0 

M=4 

FQ=  0 . 20C6E-00 

FH= 

0 . 4984  E 

Cl 

NCPT  = 

3 

N 

RED.  FACTOR 

MULT .FACTOR 

SUM/V. 

SUM/29. 8 

3 

0.5854E  00 

0.  1708E 

01 

0.2959E 

01 

C  .  9  9  2  8  F:  -  0  1 

2 

0.4479E-0C 

0.2233E 

01 

0.3157E 

01 

0. 1059F-00 

1 

0.2006E-OC 

0.4984E 

01 

0.4984E 

01 

C.  1673E-'-. 

M=  5 

FQ=  0 . 1505E-00 

FM=  0.6646E  Cl  NOPT= 

4 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

4 

0.6228E  00 

0.1606E  01 

0.32ILE  01 

0. 1078E-00 

3 

0.5319E  OC 

0. 1880E  01 

0.3256E  01 

0.1093.  -CO 

2 

0.3879E-00 

0.2578E  01 

0.3646E  01 

C. 1223E-00 

1 

0. 1505E-00 

0.6646E  01 

0.6646E  01 

0.22  30E-00 

TIME 

FROM  PERI-APSIS 

IN  MINUTES 

CLASS 

EX— -0,0 - C 

VENUS-OPT- 

RETURN 

1  CORRECTION  STEPS 

N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E  03 

0.3944E  04 

0. 

1 _ 

Q.3813E  02 

0.6016E  03 

0.3343E  04 

TIME 

FROM  PERI-APSIS 

IN  MINUTES 

CLASS 

EX - 0,0 - C 

VENUS-OPT- 

■RETURN 

3  CORRECTION  STEPS 

N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E  03 

0.3944E  04 

0. 

1 

0.1264E  03 

0.2094E  04 

0 . 1851c  04 

2 

0.6877E  02 

0.I116E  04 

0.9776E  03 

,3_ 

0.3813E  02 

0.6015JE  03 

0.5143E  03 

— -n-» - — - -  -  - 

TIME 

FROM  PERI-APSIS 

IN  MINUTES 

CLASS 

EX: - 0,0— C 

..  .  VENUS-OPT- 

RETURN 

4  CORRECT  ION  STEPS 


N 

RANGE 

TIME 

DELTA- f I  ME 

0 

0.2347E 

03 

0. 3944E 

04 

0. 

1 

0.1474E 

03 

.  0.2452E 

04 

0.  14921: 

04 

2 

0.9306E 

02 

0. 1527E 

04 

0.92515 

03 

3 

0.5920E 

02 

0.9546E 

03 

0.57235 

03 

4 

0.3812E 

02 

0.6014E 

03 

0.3532C 

03 
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COMPARISON  CE  LCNG ITUD1NAL  ANO  TRANSVERSE  VELOCITY  ERRORS 

CLASS  EX - 0.0 - C  VENUS,  RETURN 

BCN=  0.2139C  Ci  AON  =  0.1652E  01  ECCG=  0.L636E  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

Ci 

0.2347E 

03 

0.1386E  01 

0.9832E 

03 

0.  1000E 

01 

0.4778E 

02 

U.2645E-00 

0. 1876E 

C  3 

0. 1908E- 

•00 

0.9451E 

02 

0.S343E  00 

0.3790E 

03 

0.3854E- 

00 

0.  1412E 

03 

0.8124E  QO 

0 . 57fc2E 

C3 

0. S86CE 

00 

0. 1880E 

03 

0.1C47E  01 

0.7779E 

03 

0. 7912E 

00 

LONG  I TUO 1 N AL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347E 

C  3 

0.8633E-C2 

C.6123E 

Cl 

0. 100CE 

01 

0.4776E 

02 

'  0. 8259E-Q2 

0.5857E 

Cl 

0. 9566E 

00 

0.9451E 

02 

0.B488E-02 

0.6020E 

01 

0.9832E 

00 

0. 14L2E 

03 

0.8b68E-02 

0.6077E 

Cl 

0.9925E 

00 

0. 1880E 

03 

0.8609E-C2 

0.61C6E 

Cl 

0.9972E 

00 

VARIATIONS  CN  PERI-APSIS  01  STANCE— VENUS .RETURN 
CLASS  EX - 0.0 - C 

BCN=  0.2139E  Cl  RPERN(2)=  0.105CE  01  OVON=  0.I616E-00 


RN 

DELRPN 

p 

0 

0.2347E 

03 

0.1366E 

Cl 

0.9832E 

C  3 

0.1000E  01 

0.  1273E 

02 

0.6847E- 

01 

0.4856E 

C2 

0.4939E-01 

0.2441E 

02 

0.1332E- 

00 

G.9448E 

C2 

0. 9609E-01 

0. 3610E 

02 

0. 198SE- 

00 

0. 14C8E 

C  3 

0. 1432E-00 

0.4778E 

02 

0.2fc45E- 

00 

0.1876E 

C3 

0. 1908E-00 

C. 5946E 

02 

0.3311E- 

00 

0.2348E 

03 

0. 2388E-00 

0.7U4E 

02 

0.3983E- 

CO 

0.2824E 

C3 

0 . 2873E-00 

0.8283E 

02 

0.4660E- 

00 

C.33C5E 

C3 

0. 3362E-00 

0.9451E 

02 

0.5343E 

00 

0.3790E 

C3 

0.3854E-00 

0.  1C62E 

03 

0.6032E 

00 

0.4  2  7.8E 

C3 

0.4351E-00 

6. 1179E 

03 

0.072SE 

00 

0.4769E 

C3 

0.4851F-00 

0.  1296E 

03 

0.7422E 

00 

C.5264E 

C3 

0.5354E  00 

0.1412E 

03 

0.8124E 

00 

0.5762E 

C3 

0.586CE  00 

0. 1529E 

03 

0.8829E 

00 

0.6262E 

C  3 

0.6369E  00 

0.  1646E 

03 

0.9539E 

00 

0.6765E 

C  3 

0.6881E  00 

0.  1763E 

03 

0. IC25E 

01 

C.7271E 

C  3 

0.7395E  00 

0.  1880E 

03 

0. 1097E 

01 

0.7779E 

C  3 

0.7912E  00 

“  0.  I996E 

03 

0. 1169E 

01 

0 . 82  e9E 

C3 

0.8431E  00 

0.2113E 

03 

0. 1241E 

01 

C.88C2E 

C3 

0.8952E  00 

0.223CE 

03 

0. 1314E 

01 

0.9316E 

03 

C.9475E  00 
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M=1  F(J=  0.3624E-01  FM  =  0.2760E  C2  NCPT  =  7 


N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

7 

0.6225E  00 

0. 1606E 

01 

0.425CE 

01 

C.  1426E-G0 

6 

0.5  752E  OC 

0.1738E 

01 

0.4258E 

01 

C.  1429E-00 

5 

0.515CE  00 

0.1942E 

01 

0.4342E 

01 

C.1457E-C0 

A 

0.4363E-00 

0.2292E 

01 

0. 45.84  E 

01 

0. 1538E-00 

3 

0.3309E-00 

0.3022E 

01 

0.5234E 

01 

0.1756E-00 

M  =  2 

FG=  0 . 1449E-0 1 

FM  = 

0.6899E 

C2 

NOPT  = 

8 

N 

REO.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

8 

0.589CE  00 

0.16986 

01 

0.4e02E 

01 

0.161  IE-00 

7 

0.5462E  00 

0.1831E 

01 

0.4844E 

01 

0.1626E-00 

6 

0 . 49  38  E-00 

C.2025E 

01 

0.4961F 

01 

0.  1665E-C0 

5 

O.4288E-0C 

0.2332E 

01 

0.5215E 

01 

0. 1750E-00 

4 

0 . 3470 t -00 

0.2882E 

01 

0.5764E 

01 

0 . 1934E-00 

M=  3 

F0=  0. 7247E-02 

FM= 

0.1380E 

C3 

NOPT= 

10 

N 

REO.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

10 

0.611CL  00 

0. 1637E 

01 

0.5176E 

01 

C.1737E-00 

9 

0.5784E  00 

0. 1729E 

01 

0.518/E 

01 

0.1740E- 00 

8 

0.5402E  00 

C.1851E 

01 

0.5236E 

01 

0. 1757E-00 

7 

0.4947t-0C 

0.2022E 

01 

0.5349E 

01 

0.1 795E-00 

6 

0.4399E-00 

0.2273E 

01 

0.5568E 

01 

0.1869E-00 

M=4 

FQ=  0.4831C-02 

FM  = 

0.2070E 

C  3 

NOPT  = 

11 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

11 

0.6158E  00 

0. 1624E 

01 

0.53B6E 

01 

0. 1807E-00 

10 

C.5867E  OC 

C.1704E 

Cl 

0.5390E 

01 

0.1309E-00 

9 

0.552SE  00 

0. 1809E 

01 

0.5426E 

01 

0.1821E-00 

8 

0.5135E  OC 

C.194BE 

01 

0.5509E 

01 

0. 1848E-C0 

7 

0.4668E-00 

0.2142E 

01 

0.5668E 

01 

0. 1902E-00 

M=5 

FC=  C. 3624E-02 

FM= 

0.2760E 

C3 

NOPT* 

11 

N 

REO.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

11 

0.5999E  00 

0.1667E 

01 

0.5528E 

01 

0. 1 855E-00 

1C 

0 . 570 IE  OC 

0.1754E 

01 

0.5547E 

01 

C. 1862E-00 

9 

0.5355E  00 

C.1867E 

01 

0.5602E 

01 

0. 1880E-00 

8 

0.4953E-00 

C.2C19E 

01 

0.5710E 

01 

0. 1916E-00 

7 

0.448CE-0C 

C.2232E 

01 

0.5905E 

01 

0. 1982E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX 0,0 C  VENUS-CLOSE-RETURN 

7  CORRECTION  STEPS 


N  ' 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.3928E 

04 

0. 

L 

0.1057E 

03 

0.1726E 

04 

0. 22026 

04 

2 

0.4794E 

02 

0.7513E 

03 

0.9749E 

03 

3 

0.2206E 

02 

0. 3246E 

03 

0.4266E 

03 

4 

0. I046E 

02 

0.14L5E 

03 

0.I832E 

03 

5 

0.5267E 

01 

0.6445E 

02 

0.77C4E 

02 

6 

0.2939E 

01 

0.3202E 

02 

0.3243C 

02 

7 

0. 1896E 

01 

0.1766E 

02 

0.1436C 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX 0,0 C  VENUS-CLOSE-RETURN 

9  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.3928E 

04 

0. 

1 

0.1262E 

03 

0.2074E 

04 

0.I854E 

04 

2 

0.6805E 

02 

0.1089E 

04 

0.9852C 

03 

3 

0.3693E 

02 

0.5681E 

03 

0.5205c 

03 

4 

0.2026E 

02 

0.2957E 

03 

0.2724E 

03 

5 

0.1134E 

02 

0.1549E 

03 

0.1408F. 

03 

6 

0.6560E 

01 

0.8310E 

02 

0.7183E 

02 

7 

0.4000E 

01 

0.4662E 

02 

0.3648C 

02 

8 

0.2630E 

01 

0.2780E 

02 

0.1882E 

02 

9_ 

0.1896E 

01 

0.1766E 

02 

0.I015E 

02 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

...CLASS.  EX- — 0,0 — 

-C  VENUS- 

CLOSE-RETURN 

U 

CORRECTION  STEPS 

N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.3928E 

04 

0. 

1 

0.1412E 

03 

0.2330E 

04 

0.1598E 

04 

2 

0.85I4E 

02 

0.1377E 

04 

0.9530E 

03 

3 

0.5149E 

02 

0.B1O6E 

03 

0.5665E 

03 

4 

6.3 1 3 1 E 

02 

0.4755E 

03 

0.3351E 

03 

5 

0.1920E 

02 

0.2787E 

03 

0.1968E 

03 

6 

0.1194E 

02 

0.1642E 

03 

0.U45E 

03 

7 

0.7583E 

01 

0.9814E 

02 

0.6606E 

02 

8 

0.4969E 

01 

0.6022E 

02 

0.3792E 

02 

9 

0.3401E 

01 

0.3835E 

02 

0.2187E 

02 

id 

0.2460E 

oi 

0.2549E 

02 

0.1286E 

02 

11 

0.1896E 

01 

0.1766E 

02 

0.7830E 

01 
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COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 

CLASS  EX - O.C - D  VENUS,  RETURN 

BGN=  0.424  IE  Cl  AON=  O.I5C2E  01  ECCC=  0.300CE  01 

TRANSVERSE  ERROR 


'  RN 

DELRPN 

P 

C 

G.2347E 

03 

0.1461E  01 

0.1C36E 

04 

0. 1000E 

01 

0.4S34E 

02 

0 . 3027E-0C 

0.2147E 

C3 

0.2072E 

-00 

0.9568E 

0? 

0.5905E  00 

0.418BE 

C3 

0.4042E 

-00 

0. 1420E 

03 

0.8794E  00 

0.6237E 

C  3 

0.6020E 

OC 

0. 1884E 

C  3 

0.1170E  01 

0.82S5E 

03 

0.8006E 

00 

LONGITUDINAL 

ERROR 

HN 

DELRPN 

P 

0 

0.2347E 

0  3 

0. 1269E-01 

0.89S8E 

Cl 

0.  1000E 

01 

0.4934E 

02 

0. 1179E-01 

0. 8363E 

01 

0.9293E 

00 

0.9508E 

02 

0. 1234E-01 

C.8749F 

Cl 

0.9722E 

00 

0. 1420E 

C3 

0. 1253E-C1 

0.8886E 

Cl 

0.9875E 

00 

0. 1884E 

03 

0. 1263E-01 

0.8956E 

Cl 

0.9953E 

00 

VARIATIONS  CN  PERI-APSIS  DI STANCE— VENUS, RE  TURN 
CLASS  EX - C.C - - 


BCN=  0.4247E  01  RPERN(l)= 


RN 

DELRPN 

0.2347E 

03 

0.1461E  01 

0.  1459E 

02 

0 . 8C33E-0 1 

0.2C17E 

02 

0. 1589E-00 

0.3776E 

02 

0.2  309E-00 

0.4934E 

02 

0.3027E-00 

0.6093E 

02 

0. 3746E-00 

0.7251E 

02 

0.4464E-C0 

0.8409E 

02 

0.5184E  CO 

0.9568E 

02 

0.5905E  00 

0. 1073E 

03 

0.6626E  00 

0. 1188E 

03 

0.7348E  00 

0.13O4E 

03 - 

0.BC71E  00 

0. 1420E 

03 

0.8794E  00 

0. 1536E 

03 

0.9519E  00 

0.  1652E 

03 

0.  1C24E  01 

0. 1768E 

03 

0.1097E  01 

0.  1884E 

03 

0.1170E  01 

0.1999E 

03 

0.1242E  01 

0.2115E 

03 

0.1315E  Ok 

0.2231E 

03 

0.1388E  01 

0.3003E 

01 

0V0N=  0.153 

P 

0 

0.1036E 

C4 

0.100CE  01 

0.6123E 

02 

0. 5909E-01 

C.1127E 

C3 

0. 1088E-00 

0.1637E 

C3 

0. 158CE-00 

0.2147E 

C3 

0. 2072E-00 

0.2656E 

C3 

0 . 2564E-00 

0.3166E 

03 

0. 3056E-00 

C.3677E 

C3 

0. 3548E-00 

0.4188E 

03 

0 . 4042E-00 

0.4699E 

C3 

0. 4535E-00 

0.5211E 

03 

0.5030E  00 

0.5724E 

C3 

0.5524E  00 

0.6237E 

C3 

0.6020E  00 

0.6751E 

03 

0.6516E  00 

0.7265E 

C3 

0.7012E  00 

0.7780E 

C3 

0.7509E  00 

0.82S5E 

0  3 

0.8006E  00 

0.8811E 

03 

0.8504E  00 

0.9327E 

C3 

0.9002E  00 

C.9844E 

C3 

0.9501E  00 

GA/Phys/63-5,6 


M=2 

FC=  0.5484E  00 

FM  =  0.1823E  Cl 

NCP  T  = 

l 

N 

REC.  FACTOR 

MULT. FACTOR  SLM/W 

SUM/29.8 

1 

0.5484E  OC 

0.1823E  Cl  0.ie23E 

01 

C.6119E-CI 

M,=  3 

FC=  0 . 2  742E-00 

FM  =  0.3647E 

Cl 

NCP  T  = 

3 

N 

REO.  FACTOR 

MULT. FACTOR 

SLM/X 

SUM/29.8 

3 

0.6497E  00 

C.1539E  01 

0. 2666E 

01 

0.8946E-C1 

2 

0.5237E  00 

0.1910E  01 

0.27C1E 

01 

C  .  9063E-C 1 

1 

0 . 2742E-00 

0.3647E  01 

0.3647E 

01 

0. 1224E-00 

M=4 

FC=  0. 1828E-00 

FM  = 

0.5470E 

Cl 

NCP  T  = 

3 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/V* 

SUM/29.8 

3 

0.5675E  bC 

0.1702E 

01 

0.3C52E 

01 

0. 1024E-00 

2 

0.4276E-00 

0.2339E 

01 

0.3308E 

01 

0. 1110E-00 

1 

0. 1828E-00 

0.5470E 

01 

0.547CE 

01 

C.1836E-00 

M=  5 

F 0=  0.1371E-00  FM*  0.7294E  Cl  NCPT  = 

4 

N 

REO.  FACTOR  MULT. FACTOR 

SLM/W 

SUM/29.8 

4 

0.6085E  00  0. 1643E  01 

0.3287E  01 

C/1103E-00 

3 

0.  !3 1 5 6 E  OC  0.1939E  01 

0.3359E  01 

0.1127E-G0 

2 

0 . 3703E-00  C.2701E  01 

0.3E19E  01 

C .  1282E-C0 

1 

0.137  1 E-00  0.7294E  01 

0.7294E  01 

C.2448E-00 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - 0,0 - 0  VENUS-OPT 

-RETURN 

l 

CORRECTION  STEPS 

N 

RANGE  TIME 

DELTA-TIME 

0 

0.2347E  03  0.3768E  04 

0. 

1 

0.3477E  02  0.5232E  03 

0.3244E  04 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  F.X - 0,0 - 0  VENUS-OPT 

-RETURN 

3 

CORRECTION  STEPS 

N 

RANGE  TIME 

DELIA-TIME 

0 

0.2347E  03  0.3768E  04 

0. 

1 

0.1225E  03  0.1938E  04 

0.1830E  04 

2 

0.6460E  02  O.IOOIE  04 

0.9370E  03 

3 

0.3476E  02  0.5230E  03 

0.4  772f_Q3 

— 

TIME 

FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX 0,0 D  VENUS-OPT-RETURN 

4  CORRECTION  STEPS 


N 

RANGE 

TIME 

OELTA-1 IME 

0 

0.2347E 

03 

0.3768E 

04 

0. 

1 

0.1440E 

03 

0.2288E 

04 

0.1480E 

04 

2 

0.8879E 

02 

0.1392E 

04 

0.8964E 

03 

3 

0.5521E 

02 

0.8497E 

03 

G.5418C 

03 

4 

0.3477E 

02 

0.5232E 

03 

0.3266E 

03 
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CCRPAP.ISDN  CF  LCNG1TUOINAL  AND  TRANSVERSE  VELOCITY  ERRORS 


CLASS 

EX - 

■0.0 - D 

VENUS,  RETURN 

8CN  =  0. 

2G6  3E 

i.l  AON  =  0. 

1502E  01 

ECCC  = 

0. 1699E 

01 

TRANSVERSE  ERROR 

RN 

DELRPN 

P 

C 

0.2347E 

03 

0.1340E  01 

0.95C0E 

C3 

0. IOOOE 

01 

0.4778E 

02 

0 . 2  5  70E-Q0 

0. 1Q23E 

C  3 

0. 1919E 

-00 

0.9451E 

02 

0.5184E  00 

0.3676E 

03 

0. 3870E 

-00 

C.  1412E 

03 

0./869E  00 

C . 558  IF 

C  3 

0.5874E 

CO 

0. 1880E 

03 

0.1G61E  01 

0.7S25E 

C3 

0.  792 IE 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347E 

03 

0. 7924E-C2 

0.5E.20E 

Cl 

0. 100CE 

01 

0.4/78E 

02 

0. 7598E-02 

0.5389E 

Cl 

0.9589E 

00 

0.9451E 

02 

0. 7798E-G2 

U.5531E 

Cl 

0.9841E 

00 

0. 1 A 12E 

03 

0.7868E-02 

0.5S80E 

Cl 

0.9929E 

00 

0. 1880E 

03 

0.7903E-02 

C.56C5E 

Cl 

0.9973E 

00 

VARIATIONS  CN  PERI-APSIS  01  STANCE— VENUS .RETURN 
CLASS  EX - C.C - C 

8CN=  0.2063E  Cl  RPERNI 2 ) *  0.105CE  01  DVON=  C.1666E-C0 


. RN  '  ' 

DELRPN 

p 

C 

0.2347E 

03 

0.134CE 

01 

0.95C0E 

C3 

0. IOOOE  01 

0.  1273E 

02 

0.6669E- 

01 

0.4730E 

C2 

0.4979E-01 

0.2441E 

02 

0. 1296E- 

00 

0.9193E 

C2 

0.9676E— 01 

0.361CE 

02 

0.  l9  3<)E- 

00 

0. 1369E 

C3 

0. 1441E-00 

0.4778E 

02 

0.2570E- 

00 

C.1823E 

C3 

0. 1919E-00 

0.5946E 

02 

C.^216t- 

00 

C.22eiE 

C3 

0.2401E-00 

0.7U4E 

02 

0.3B67E- 

00 

0.2742E 

C3 

0.2887E-00 

0.8283E 

02 

G.4523E- 

00 

0.3208E 

C3 

0.3376E-00 

0.9451E 

02 

0.5184E 

00 

0.3676E 

C3 

0.387CE-00 

0.1C62E 

03 

0.5849E 

00 

C.4148E 

C3 

0.4366E-00 

0.  U79E 

03 

0.6518E 

00 

0.4623E 

03 

0.4866E-00 

0. 1296E 

0  3 

0.7192E 

00 

0.51C0E 

C  3 

0 . 5369E  00 

0. 1412E 

03 

0.7869E 

oo 

C.5581E 

C  3 

0.5874E  00 

0. 1529E 

03 

0.8549E 

oc 

0.6CE3E 

C  3 

0.6382E  00 

0. 1646E 

03 

0.9233E 

00 

0.6548E 

C  3 

0.6893E  00 

0. 1763E 

03 

0.992CE 

00 

0.7C36E 

C3 

0.7406E  00 

0.  1680E 

03 

0. 1C61E 

01 

0.7525E 

03 

0.7921E  00 

0.1996E 

03 

C.1130E 

01 

0.8016E 

C3 

0.8438E  00 

0.2113E 

03 

0. 1200E 

01 

0.85C9E 

C  3 

0.8957E  00 

0.2230E 

03 

0. 1270E 

01 

0.90C4E 

03 

0.9477E  00 
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M=1 

F(J=  0 . 3 750E-C 1 

FM  = 

0.2667E 

C2 

NCPT  = 

7 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29. e 

7 

0 . 6256 1  OC 

0. 159BE 

01 

0.4229E 

01 

C. 1419E-C0 

6 

0.5786L  00 

0. 1728E 

01 

0.4234E 

01 

0.  1421E-G0 

5 

C.5186E  00 

0. 192BE 

01 

0.4312E 

01 

0. 1447E-00 

4 

0.4401E-0C 

0.2272E 

01 

0.4545E 

01 

0. 1525E-C0 

3 

C.3347E-0C 

0.2988E 

01 

0.5175E 

01 

C.  1736E-C0 

M=  2 

FQ=  0 . 1 5C0L-G  1 

FM  = 

0.6666E 

C2 

NOP  T  = 

8 

N 

RED.  FACTOR 

MUL T. FACTOR 

SUM/W 

SUM/29.8 

8 

0.5916E  00 

0. 1690E 

01 

0.4781E 

01 

0 . 1 604E-C0 

7 

0.5488E  OC 

0.1B22E 

01 

O.4021E 

01 

0. 1618E-C0 

6 

0.4966  E-00 

0.2014E 

01 

0.4932c 

01 

C. 16B5E-G0 

5 

O.4317E-0O 

0.2316E 

01 

0.5179E 

01 

0. 1738E-C0 

4 

0.350CE-00 

0.2857E 

01 

0.5715E 

01 

0. 1918E-CC 

M=  3 

FU=  C . 75C0E-C2 

FM= 

0.1333E 

C3 

N  0  P  T  = 

10 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

10 

0.6131E  00 

0.1631E 

01 

0.5158E 

01 

C.  1731E-00 

9 

0.5806E  OC 

0.1722E 

01 

0.5167E 

01 

C. 1734 F -CO 

8 

0.5425E  00 

0.1C43E 

01 

0.5214E 

01 

0. 1750E-00 

7 

0.4971E-QG 

0.2012E 

01 

0.5322E 

01 

C. 1786E-C0 

6 

0.4424E-00 

0.2260E 

01 

0.5536E 

01 

C. 1858E-00 

M  =  4 

FC=  0 . 50C0E-02 

FM= 

0.200CE 

C3 

NOPT  = 

11 

N 

RED.  FACTOR 

MULT. FAC  TOR 

SUM/W 

SUM/29.8 

11 

0.6l7eE  00 

0.1619E 

01 

0.5369E 

01 

0.  1802E-00 

10 

O.5087E  OC 

0.1699E 

01 

0.5372E 

01 

0. 1803E-00 

9 

0.5551E  OC 

0.1802E 

01 

0.5405E 

01 

0. 1814E-C0 

8 

0.5157E  00 

0.1939E 

01 

0.5485E 

01 

0. 1841E-00 

7 

0 . 469  IE-00 

0.2132E 

01 

0.5640E 

01 

0. 1893E-00 

M  =  5 

F0=  0.3750E-G2 

FM  = 

0.2667E  C3 

NCPT  = 

11 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

11 

0.6018E  00 

0. 1662E 

01 

.0  •  55 1 1 E 

01 

0. 1849E-00 

10 

0.572CE  00 

0. 1748E 

01 

0.5528E 

01 

0. 1855E-C0 

9 

0.5376E  00 

C. 1860E 

01 

0.5580E 

01 

C. 1873E-C0 

6 

0.4975E-00 

0.20LOE 

01 

C.5686E 

01 

0. 1908E-00 

7 

0.4502E-00 

0.2221E 

01 

0 . 5876E 

01 

0. 1972E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX - 0,0 - D  VENUS-CLOSE-RE  TURN 

7,  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-1 IME 

0 

0.2347E 

0  3 

0.3754E 

04 

0. 

1 

0.1062E 

03 

0. 1661E 

04 

0. 2093b 

04 

2 

0.4841E 

02 

0.7289E 

03 

0.9323E 

03 

3 

0.2237E 

02 

0.3180E 

03 

0.41  IOC 

03 

4 

0.1065E 

02 

0. 1399E 

03 

0.1780E 

03 

5 

0.5371E 

01 

0.6423E 

02 

0.7S69E 

02 

6 

0.2995E 

01 

0. 3206E 

02 

0.3218C 

02 

7 

0.1926E 

01 

0.1771E 

02 

0.  1435C 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  EX - 0,0 0  VENUS-CLOSE- RE TURN 

9  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA- TIME 

0 

0.2347E 

03 

0.3754E 

04 

0. 

1 

0.1267E 

03 

0.1993E 

04 

0.1761E 

04 

2 

0.6858E 

02 

0.1052E 

04 

0.9403E 

03 

3 

0.3735E 

02 

0.5531E 

03 

0.4994E 

03 

4 

0.2057E 

02 

0.2901E 

03 

0.2630F 

03 

5 

0.U54E 

02 

0.1531E 

03 

0. 1369E 

03 

6 

0.6691G 

01 

0.8269E 

02 

0.7045E 

02 

7 

0.4082E 

01 

0.4661E 

02 

0.3608E 

02 

8 

0.2680E 

01 

0.2787E 

02 

0. I874F 

02 

9 

0.1926E 

01 

0.1772E 

02 

0.1015E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX - 0,0 - D  VENUS-CLOSE-RE TURN 

11  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.3754E 

04 

0. 

l 

0.1417E 

03 

0.2237E 

04 

0.1517C 

04 

2 

0.8567E 

02 

0.1328E 

04 

0.9085E 

03 

3 

0.5197E 

02 

0.7859E 

03 

0.5423E 

03 

4 

0.3170E 

02 

0.4637E 

03 

0.3222E 

03 

5 

0.1949E 

02 

0.2735E 

03 

0.1902E 

03 

6 

0.1215E 

02 

0.1622E 

03 

0.  U14E 

03 

7 

0.7729E 

01 

0.9747E 

02 

0.6469E 

02 

8 

0.5070E 

01 

0.6007E 

02 

0.3740E 

02 

9 

0.3469E 

01 

0.3837E 

02 

0.2171C 

02 

10 

0.2506E 

01 

0.2554E 

02 

0.1282E 

02 

ll 

0.1926E 

01 

0.1771E 

02 

0.7831C 

01 
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COMPARISON  Cf  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  B l —  1/2. L  —  h  MARS,  RETURN 

BOM=  0.2L69E  02  AON  =  0./668E  01  ECCC=  0.300CE  01 

TRANSVERSE  EKKUR 


KN 

OEL.RPN 

P 

0 

0.2347E 

03 

0.3263E  01 

C.2315E 

C4 

0. 1000E 

01 

0.592  IE 

02 

0.  776  IE  00 

0.55CAE 

C3 

0.2378E 

-00 

0. 1031E 

0  3 

0.1A05E  01 

0 . 9  9  fc  3  E 

C3 

0.4304E 

-00 

0. 1 A  7  0  E 

03 

0.2025E  01 

0. 1A37E 

CA 

0.6207E 

00 

0. 1908E 

0  3 

0.26A5E  01 

0.1876E 

CA 

0. 8103E 

00 

LCNGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347C 

03 

0. 1339E-00 

0.95C0E 

02 

0. 1000E 

01 

C . 592  IE 

0  2 

0.9753E-01 

0.6917E 

C2 

0.7282E 

00 

0. 10  3  1 E 

03 

0. 117AE-00 

C.8326E 

02 

0. 8765E 

00 

0. 1A70E 

0  3 

0. 1260E-00 

0.8938E 

C2 

0.9A09E 

00 

0. 1908E 

03 

0.  1  309E-00 

0.9281E 

02 

0. 9769E 

00 

VARIATIONS  ON  PEP.1-APS1S  DISTANCE — MARS, RETURN 
CLASS  HI—  1/2.1  —  H 

BCN=  0.2169E  02  RPERN(1)=  0.1534E  02  DVON=  0.6782F-C1 


RN 

DELRPN 

p 

C 

0.23A7E 

03 

0.3263E 

01 

C.2315E 

CA 

C.100CE  01 

0.2630E 

02 

G.2745E- 

CO 

C.19A7E 

C  3 

0.8A1CE-01 

0.3V27E 

02 

0.4498E- 

00 

0.3190E 

C  3 

0. 1378E-00 

0.A82AE 

02 

0.6151E 

CO 

C.43fc2F 

C  3 

0. 1885E-00 

0.5921E 

02 

0.7761E 

00 

C.55CAE 

C3 

C . 2378E-00 

0.7C18E 

02 

0.93A9C 

CO 

0.6630E 

C3 

0. 2865E-00 

0.8UAE 

02 

0. 1C92E 

01 

G.77A6E 

03 

0. 33A7E-00 

0.9211E 

02 

0. 12A9E 

01 

0.8857E 

C3 

0. J827E-00 

0. 1031E 

03 

0. 1A05E 

01 

0.9963E 

C3 

0.  A30AE-00 

0. 11A0E 

03 

0. 1560E 

Cl 

O.liC/E 

CA 

C.A781C-00 

0. 1250E 

03 

0. 1716E 

01 

0. 1217F 

CA 

0.5257E  00 

0.  1360E 

03 

0. 1871E 

01 

0.1327E 

CA 

C.5732E  00 

0.  1A70E 

03 

0.2025E 

01 

0. 1 A37E 

CA 

C.6207E  00 

0. 1579E 

03 

0.2180E 

01 

0.15A6E 

CA 

0.668  IE  00 

0. 1689E 

03 

0.2335E 

01 

0. 1656E 

CA 

0.7155E  00 

0. 1799E 

03 

0.2A9CE 

ul 

0.1 7t6E 

CA 

C.7629E  00 

0. 1908E 

03 

0.2645E 

01 

C.1876E 

CA 

C.8103E  00 

C.2CieE 

03 

0.2799E 

01 

0.1985E 

CA 

0.8577E  00 

0.2128E 

0  3 

0.295AE 

Cl 

0.2C95E 

CA 

0.9C52E  OU 

0.2237E 

03 

0. 3109E 

Cl 

C.22C5E 

CA 

C.9526E  00 

M=4  FU=  0.5857E  00  FM  =  0.1707E  Cl  NCPT=  1 

N  RED.  FACTOR  MULT. FACTOR  SLM/fc  SUM/29.8 

1  0.5857E  00  0.1707E  01  0.1707E  01  0.5729F-CI 


M=  5  FC=  0 . A  39  3E-00  FM=  0.2276E  Cl  NCPT-  2 

N  RED.  FACTOR  f'ULI. FACTOR  SUM/W  SOM/29. is 

2  0.6628E  00  0.15C9E  01  0.2134E  01  C  .  7  1  6‘“E -0  I 

1  0.4393E-0C  C.  2276E  01  0.2276E  01  i.«  ■  •. 
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GA/PhyB/63-5,6 


TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  B I  —  1 /2 1 1  —  H  MARS-OPT 

I  CORRECTION  STEPS 
N  RANGE  TIME 

0  0 .2347 E  03  0.8095E  04 

I  0.1117E  03  0.3687E  04 


TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  R I  — 1/2,1 — H  MARS-OPT 

2  CORRECTION  STEPS 


N 

RANGE 

TIME 

0 

0.2347E 

03 

0.8095E 

04 

1 

0.  I607E 

03 

0.5434E 

04 

2 

0. 1117E 

03 

0.3687E 

04 

RETURN 

DELTA-TIME 

0. 

0.4407E  04 


RETURN 

DELTA-TIME 

0. 

0.2661E  04 
0.1746E  04 
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<U/Phy«/63-$,6 


COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  B  I  —  1 / 2 . 1  —  H  MARS,  RETURN 


BCN=  0.4148E  01  AON=  0.766BE  01  ECCC=  0.1137E  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

G 

0.2347E 

03 

0.2077E  01 

0.14  73E 

04 

0. 1000E 

01 

0.4778E 

02 

0 . 3542E-00 

0.2512E 

C3 

0. 1706E 

-00 

0.94516 

02 

0.7397E  00 

0.5246E 

03 

0.3562E 

-00 

0. 1412E 

C  3 

0.1158E  01 

0 . 82 1  IE 

C3 

0.5575E 

00 

0. 1880E 

03 

0.1605E  01 

0.1138E 

04 

0.  7  7  2  7  E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

0 

0.2347E 

03 

0.2625E-01 

0 . 1 86  IE 

C2 

0. 1000E 

01 

0.4778E 

02 

0.2313E-01 

0. 1641E 

02 

0.8814E 

00 

0.9451E 

02 

0.2495E-01 

0. 1769E 

02 

0.9506E 

00 

0. 1412E 

03 

0 . 2565E-0 1 

0.1819E 

02 

0. 97726 

00 

C. 188CE 

03 

0 . 2602E-0 1 

0.1845E 

02 

0.9913E 

00 

VARIATIONS  CN  PERI-APSIS  DISTANCE  —  PARS, RETURN 
CLASS  01— 1/2.1— H 

. OCN=  0.4148E  01  RP6RN ( 2  )  =  0.105CE  01  DVON=  C.1197E-00 


RN 

. 

'DELRPN 

p 

C 

0.2347E 

03 

0.2C77E 

01 

G.1473E 

C4 

0.100CE  01 

0. L273E 

02 

0.8835E- 

01 

0.62666 

C2 

0. 4254E-01 

0.2441E 

02 

0. 1 7486- 

00 

0.12396 

C  3 

0.8415E-01 

0.3610E 

02 

0.26336- 

00 

0.18686 

C  3 

0. 12686-00 

0.4778E 

02 

0.35426- 

■00 

0.2512E 

03 

0. 17066-00 

0.5946E 

02 

0.4473E- 

00 

0.3172E 

C3 

0.2 1 54E-00 

0.7114E 

02 

0.5426E 

00 

0.3848E 

C  3 

0. 26136-00 

0.8283E 

02 

0.6401E 

00 

0.45406 

C3 

0.30826-00 

0.9451E 

02 

0.73976 

00 

0.52466 

C3 

0.35626-00 

0 . 1062E 

03 

0.8413E 

00 

0.5967E 

C3 

0.40516-00 

0.11796 

03 

0.9449E 

00 

C.67C16 

C3 

0 . 455CE-C0 

0. 12966 

03’ . 

0.  1 0  5  0  E 

01 

0.74506 

03 

0.5058E  00 

0.  1412E 

03 

0. 1158E 

01 

0.8211E 

03 

0.5575E  00 

0. i529E 

03 

0. 1267E 

01 

0.89856 

C  3 

0.61016  00 

0. 1646E 

03 

0.13786 

01 

0.9772E 

C3 

0.6635E  00 

0. 1  763E 

03 

0. 1490E 

01 

0.10576 

04 

0.7177E  00 

0. 1880E 

03 

0. 1605E 

01 

C.1138E 

C4 

0.7727E  00 

0. 1996E 

03 

0. 1 7206 

01 

0.1220E 

C4 

0.8284E  00 

0.21136 

03 

0. 18386 

01 

0.13C3E 

C4 

C.8849E  00 

0.2230E 

03 

0.19566 

01 

0.13886 

C4 

0. 942 IE  00 

2U 


QA/Phys/63-5,6 


=  l 

FQ=  C.2419E-C1 

FM  = 

0.4134E 

C2 

NCPT  = 

7 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29. 8 

7 

0 . 58  76  E  OC 

C.1702E 

01 

0.4503E 

01 

0.151  IE -CO 

6 

0.5378E  OC 

0. 1859E 

01 

0.4555E 

01 

0. 1528E-00 

5 

0.475CE-0G 

0.2105E 

01 

0.4707E 

01 

0. 1580E-00 

4 

0. 3944E-0G 

0.2536E 

01 

0.5C71E 

01 

0. 1702E-00 

3 

0 . 2892E-0C 

0.3458E 

01 

0.5989E 

01 

0.2010E-00 

=  2 

FG=  C.9676E-02 

FM  = 

0. 1033E 

C3 

N  C  P  T = 

9 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

9 

0.5973E  60 

C. 1674E 

01 

C.5C23E 

01 

0. 1685E-00 

8 

0.560CE  00 

0.1786E 

01 

0.5C5CE 

01 

C. 1695E-C0 

7 

0.5155E  OC 

0. 1940E 

01 

0.5132E 

01 

C . 1 722E-C0 

6 

0.46 16E-00 

0.2166E 

01 

0.5306E 

01 

0. 1781E-00 

5 

0. 3955E-00 

0.2528E 

01 

0.5654E 

01 

C.  1897E-00 

M-  3 

FG=  0.4838E-02 

FM  = 

0.2C6  i E 

C  3 

NCPT= 

11 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

11 

0.6159E  00 

0.1624E 

01 

0.5385E 

01 

0. 1807E-00 

10 

0.5868E  00 

0.1704E 

01 

0.5389E 

01 

0. 1808E-CG 

9 

0.553CE  00 

0.1808E 

01 

0.5425E 

01 

0.1820E-00 

8 

0.5136E  00 

0. 1947E 

01 

0.5508E 

01 

0. 1848E-00 

7 

0.4669E-00 

0.2142E 

01 

0.5666E 

01 

0. 1901E-00 

M=4 

FC=  0.3225E-C2 

FM  = 

0.3100E 

C  3 

NOPT  = 

11 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

11 

0.5936E  OC 

0. 1685E 

01 

0.5587E 

01 

C. 1875E-00 

10 

0.5635E  00 

C. 1775E 

01 

U.5612E 

01 

C. 1883E-00 

9 

0.5287E  CO 

0.1892E 

01 

0. 5675E 

01 

C. 1904E-00 

8 

C.4882E-00 

0.2048E 

Cl 

G.5794E 

01 

C.1944E-00 

7 

0.4406E-OC 

0.2269E 

01 

0.6C04E 

01 

0.201 5E-00 

M=  5 

FQ=  0.2419E-C2 

FM  = 

0.4134E 

C  3 

NOPT  = 

12 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

12 

C.6053E  00 

0.1652E 

01 

0.5723E 

01 

C • 1 920E-C0 

11 

0.5783E  00 

C. 1729E 

01 

0.5735E 

01 

0. 1925E-00 

10 

0.5475E  00 

0. 1827E 

01 

0.5776E 

01 

0. 1938E-00 

9 

0.512CE  OC 

C. 1953E 

01 

0.5859E 

01 

0.1 966E-C0 

8 

C.4709E-00 

0.2123E 

01 

0.6CC6E 

01 

C.2015E-C0 

GA/Phy./63-5,6 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  til  — 1/2,1  —  H  MARS-CLOSE-RETURN 

8  ,  CORRECT  ION  STEPS 


N 

RANGE 

TIME 

DELTA-T IME 

0 

0.2347E 

0  3 

0.7853E 

04 

0. 

1 

0.1111E 

03 

0.3458E 

04 

C.4395E 

04 

2 

0.5286E 

02 

0.1477E 

04 

0. 1981E 

04 

3 

0.2545E 

02 

0.6142E 

03 

0.8629E 

03 

4 

0.1254E 

02 

0.2546E 

03 

0.3597E 

03 

5 

0.6460E 

01 

0. 1 10  IE 

03 

0.1445E 

03 

6 

0. 3598E 

01 

0.5227E 

02 

C.5785E 

02 

7 

0.2250E 

01 

0.2787E 

02 

0.2440E 

02 

8 

0.1615E 

01 

0.1646E 

02 

0 . 1 14  IE 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  B I — 1/2,1 — H  MARS-CLOSE-RETURN 

10  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.7B53E 

04 

0. 

l 

0.1290E 

03 

0.4084E 

04 

C.3768F 

04 

2 

0.7109E 

02 

0.2084E 

04 

0.2000E 

04 

3 

0.3940E 

C2 

0.1043E 

04 

0 . 104  IE 

04 

4 

0.2204E 

02 

0.5148E 

03 

0.5280E 

03 

5 

0.1254E 

U2 

0.2547E 

03 

0.2601E 

03 

6 

0.7343E 

01 

0.1295E 

03 

C.1252E 

03 

7 

0.4496E 

01 

0.6952E 

02 

0.5999E 

02 

8 

0.2936E 

01 

0.401 IE 

02 

C.2941T 

02 

9 

0.2083E 

01 

0.2492E 

02 

0.1519C 

02 

10 

0. 1615E 

01 

0. 1647E 

02 

0.B452E 

01 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  B I— 1/2,1 — H  MARS-CLOSE-RETURN 

12  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.7853E 

04 

0. 

1 

0.142SE 

03 

0.4560E 

04 

0.3293E 

04 

2 

0.8666E 

02 

0.2614E 

04 

0. 1946E 

04 

3 

0.52B7E 

02 

0. 1477E 

04 

0.11 36E 

04 

4 

0.3242E 

02 

0.8248E 

03 

0.6526C 

03 

5 

0.2004E 

02 

0.4574E 

03 

0. 3674c 

03 

6 

0.1254E 

02 

0.2547E 

03 

0.2027C 

03 

7 

0.8006E 

01 

0. 1445E 

03 

0.1102E 

03 

8 

0.5260E 

01 

0.8488E 

02 

0 . 5960t 

02 

9 

0.3599E 

01 

0.5229E 

02 

0.3259E 

02 

10 

0.2593E 

01 

0.3395E 

02 

0. 1834E 

02 

11 

0. 1984E 

01 

0.2316E 

02 

0.  1079E 

02 

12 

0.1615E 

01 

0. 1646E 

02 

0.6699L 

01 

GA/Ph7s/63-5,6 


COMPARISON  C  F  LONG  I TUO 1 NAL  AND  TRANSVERSE  VELOCITY  ERRORS 
CLASS  IN - C.O - A  MARS,  RETURN 


B0N=  0.2153E 

Cl  AQN=  0. 

7613L  00 

ECCC  = 

0.3000E 

01 

TRANSVERSE  ERROR 

RN 

OELRPN 

P 

Q 

0.2347E  03 

0.1C45E  01 

0. 74C9E 

C3 

0. IOOOE 

01 

C.4816E  02 

0.21 12E-C0 

C.14S8E 

C  3 

0.2022E- 

■00 

0.9479E  02 

0 .4 1 78E-00 

0.2963E 

C3 

0.3999E- 

-00 

0.14I4E  03 

0.6258E  00 

0.4438E 

C3 

0.5990E 

00 

0.1861E  03 

0.8348E  00 

0 . 592  IE 

C3 

0.7991E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

Q 

0.2347E  03 

0.4634E-02 

0.3286E 

Cl 

0.  IOOOE 

01 

0.4816E  02 

0.4461C-02 

0.3164E 

Cl 

0.9627E 

00 

0.9479E  02 

'  0.4567E-02 

0.3239E 

Cl 

0.9857E 

00 

0.14I4E  03 

0.4604E-02 

0.3265E 

Cl 

0.9936E 

00 

0. 180  IE  03 

0 . 46  22E-02 

0.3278E 

Cl 

0.9976E 

00 

VARIATIONS  CN  PERI-APSIS  OISTANCE — MARS, RETURN 


CLASS 

IN - C. 

0 - A 

8CN=  0. 

2153E  Cl 

RPERN I  I )  = 

0.1523E  i 

01 

DVON=  C.2152E 

RN 

DELRPN 

P  ’ 

Q 

0.2347E 

03 

0.IC45E  01 

C. 74C9E 

C  3 

C. IOOOE  01 

0. 1318C 

02 

0. 5695E-C l 

0.4039E 

C2 

0. 5451E-01 

0.2484E 

02 

0. IC84E-00 

0.76E7E 

C2 

0. IC38E-00 

0.3650E 

02 

0. 1598E-00 

0.1133E 

C3 

0. 1529E-00 

0.4ei6E 

02 

0.21 12E-G0 

0. 1498E 

C3 

0. 2022E-00 

0.5982E 

02 

C.2627E-C0 

C.  1863E 

C3 

0.251 5E-00 

0.7147E 

C2 

0. 3143F-0C 

0.2229E 

C3 

0 . 3009E-00 

0.8313c 

02 

0. 3660E-00 

0.2596E 

C3 

0 . 3504E-00 

0.9479E 

02 

0.4178E-00 

C.  296JE 

C  3 

0 . 3999E-00 

0. 1C64E 

03 

0 . 4697E-G0 

0.3331E 

C  3 

0.4496E-00 

0. 1 1  8  1 E 

03 

0.5217E  00 

C.37C0E 

C3 

0.4993E— 00 

0. 1298E 

03 

0.5737E  00 

0 .4069E 

C3 

0.5491E  00 

0.14  14E 

03 

0.6258E  CO 

C.4438E 

C  3 

0.5990E  00 

0  .  1 5  3  1 E 

03 

0.6779E  00 

C .48C8E 

C3 

0.6489E  00 

0. 1647E 

03 

C.7302E  00 

0.5178E 

C3 

0.6989E  00 

0.1764E 

03 

0.7825E  00 

0.5549E 

C3 

0.7490E  00 

0. 1881E 

03 

0.8348E  00 

0.5921E 

C3 

0 . 799 IE  00 

0. 1997E 

03 

0.8872C  00 

0.6292E 

C  3 

0.8492E  00 

0.2U4E 

03 

0.9397E  00 

0.6664E 

C  3 

0.8994E  00 

0.223CE 

03 

0.9922E  CO 

0.7037E 

C3 

0.9497E  00 

QA/Phy«/63-5,6 


=  1 

FC  =  0.50C2E  00 

FM  =  0.1999E  Cl 

NOPT  = 

1 

N 

RED.  FACTOR 

MULT. FACTOR  SUM/W 

SUM/29.8 

1  . 

0 . 5002 E  00 

0.1999E  01  0.1999E 

01 

0. 6708E-C1 

=  2 

FQ=  0.20C1E-00 

FM  = 

0.4998E 

Cl 

NOPT= 

3 

N 

REC.  FACTOR 

MULT .FACTOR 

SLM/W 

SUM/29.8 

3 

0.5845E  00 

0. 1710E 

01 

0.2961E 

01 

0.9937E-C1 

2 

G.4473E-00 

0.2236E 

01 

0.3162E 

01 

0. 1061E-G0 

1 

0. 200  IE-00 

0.4996E 

01 

0.4598E 

01 

0. 1677E-C0 

1*  3 

FQ  =  O.IOCOE-OO 

FM  = 

0.9995E 

Cl 

NOPT  = 

5 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29. 8 

5 

0.631CE  00 

0.  l!i85E 

01 

0.3544E 

01 

0. 1189E-00 

4 

C.5624E  00 

0.1  7  78E 

01 

0.3556E 

01 

0. 1193E-00 

3 

0.4642E-00 

0.2154E 

01 

0.3731E 

01 

0. 1252E-00 

2 

0 . 3 163E-00 

0.3162E 

01 

0 . 447  IE 

01 

0.  1500E-C0 

1 

0.100CE-00 

0.9995E 

01 

0 . 9995E 

01 

0. 3354E-00 

=  4 

F0=  C.6670E-01 

FM= 

0. 1499E 

02 

NOPT  = 

5 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

5 

0.5819E  00 

0.1719E 

01 

0.3843E 

01 

0. 1290E-00 

4 

0.5082E  00 

0.1968E 

01 

0.3S36E 

01 

C. 1321E-00 

3 

0.4055E-00 

0.2466E 

01 

0.4271E 

01 

C. 1433E-C0 

2 

0.2583E-00 

0.3872E 

01 

0.5476E 

01 

0. 1838E-00 

1 

0.667CE-01 

C. 1499E 

02 

0.1499E 

02 

0.5031E  00 

1=5 

FQ=  0 . 50C2E-0 1 

FM  = 

0. 1999E 

C2 

NCPT  = 

6 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

6 

0.607CE  00 

C. 1647E 

01 

0.4C35E 

01 

0. 1354E-00 

5 

C.5493E  00 

0. 1820E 

01 

0.4C71E 

01 

0. 1366E-00 

4 

0 . 472SE-00 

0.2114E 

01 

0.4229E 

01 

C. 1419E-C0 

3 

0 . 3685E-00 

0.2714E 

01 

0.4701E 

01 

C.  1577E-C0 

2 

0. 2237E-00 

C.4471E 

01 

0.6323E 

01 

C.2122E-00 

GA/PhyB/63-5,6 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 - A 

2  CORRECTION  STEPS 
N  RANGE 

0  0.2347E  03 

1  0.5368E  02 

2  0.1319E  02 


MARS-OPT-RETURN 


TIME 

0.2708E  04 
0.6023E  03 
0.1389E  03 


DELTA-TIME 

0. 

0.2L06C  04 
0.4634c  03 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN 0,0 A  MARS-OPT-RCTURN 

4  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-T I 

ME 

0 

0.2347E 

03 

0.2708E 

04 

0. 

I 

0.1118E 

0  3 

0.1276E 

04 

0.1432E 

04 

2 

0.5367E 

02 

0. 602  IE 

03 

0. 674 1C 

03 

3 

0.26I8E 

02 

0. 2  86  IE 

03 

0.31601 

03 

4 

0.1318E 

02 

0. I388E 

03 

0.1473E 

03 

TIME 

FROM  PER 

f  __ 

>  « 

APSIS  IN  MINUTES 

CLASS  IN-— 

•o, 

0 - A  MAKS-OPT- 

RETURN 

6 

CORRECT  ION 

STEPS 

N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.2708E 

04 

0. 

1 

0.1431E 

03 

0. 1640E 

04 

0.1068L 

04 

2 

0.8744E 

02 

0.9932E 

03 

0.6468E 

03 

3 

0.5367E 

02 

0.6021E 

03 

0.391U 

03 

4 

0.3318E 

02 

0.3661E 

03 

0.2360E 

03 

5 

0.2074E 

02 

0.2241E 

03 

0.1420F 

03 

6 

0.1319F 

02 

0. 1388E 

03 

C.8527E 

02 

QA/Phy«/63-5,6 


COMPARISON  Cl  LONG  I  TUD  INAL  ANIJ  TRANSVERSE  VELOCITY  ERRORS 

CLASS  IN - C.O - A  MARS.  RETURN 

BON=  0.1644E  Cl  AON=  0./613E  CO  ECCC=  0.238CE  01 

TRANSVERSE  ERROR 


RN 

DELRPN 

P 

Q 

0.2347E 

03 

0.1G24E  01 

0.7259E 

C  3 

0. 1000E 

01 

0.4778E 

02 

0.2C29E-00 

0.1439F 

C  3 

0. 1982E 

-00 

0.9451E 

02 

0.4C48E-00 

0.287  IE 

03 

0.3955E 

-00 

0. 1412E 

03 

0.6093E  CO 

0 .43  2  IE 

03 

0.5953E 

00 

0. 1880E 

0  3 

0.8157E  00 

0.5785E 

03 

0.7969E 

00 

LONG  I TUC I NAL 

ERROR 

RN 

DELRPN 

P 

0 

0.2347E 

03 

0.4G41E-02 

0.2866E 

Cl 

0. 1000E 

01 

0.4778E 

02 

0.3920E-02 

0.2?e0E 

0  l 

0.9702E 

00 

0.9451E 

C2 

0.3994E-02 

0.2833E 

Cl 

0.9886E 

00 

0. L412E 

03 

0. 4020E-C2 

0 .28b  IE 

C  l 

0.9949E 

00 

0. 1880E 

03 

0.4033E-02 

0  •  2  RfcOE 

Cl 

0.9981E 

00 

VARIATIONS  CN  PERI-APSIS  DI STANCE— PARS  .RETURN 


CLASS 

IN— 

-0.0 - A 

BCN=  0. 

1644E 

Cl  RPERN ( 2  )  = 

0. 105CE 

01 

DVON=  0.2173E 

RN 

DELRPN 

P 

Q 

0.2347E 

03 

0.1C24E  01 

C.7259E 

C3 

0.100CE  01 

0.1273E 

02 

0 . 5327E-0 1 

0.3778E 

C2 

0 . 5205E-0 1 

0.2441E 

02 

0. 1C3CE-00 

0.73C4E 

02 

0. 1006E-00 

C.361CE 

02 

0. 1528E-00 

0. 1084E 

C3 

0. 1493E-00 

0.4778E 

02 

0 . 2C29E-C0 

C.1439E 

C3 

0. 1982E-00 

0.5946E 

02 

0. 2531E-0C 

C.1795E 

03 

0. 2473E-00 

0.7114E 

02 

0.3C35E-00 

C.2152E 

03 

0.2965E-00 

0.8283E 

02 

0. 3541E-00 

0.25UE 

C  3 

0 . 3459E-00 

0.9451E 

02 

0. 4C48E-00 

C.2871E 

C  3 

0 . 3955E-00 

0. 1C62E 

03 

0 . 45  57E-00 

C.3232E 

C3 

0. 4453E-00 

0. 1179E 

03 

0.5C68E  00 

0.3594E 

C3 

0.4951E-00 

0. 1296E 

03 

0.5580E  CO 

C.3957E 

C  3 

0.5451E  00 

0. 1412E 

03 

0.6093E  00 

C.4321E 

C3 

0.5953E  00 

0. 1529E 

03 

0.6607E  00 

0.4686E 

C  3 

0.6455E  00 

0. 1646E 

03 

0.7123E  00 

0 . 505  IE 

03 

0.6959E  00 

C.1763E 

03 

0.7639E  00 

C.5418E 

C3 

0.7463E  00 

0. 1880E 

03 

0.8157E  00 

0 . 5785E 

C  3 

0.7969E  00 

0. 1996E 

03 

0.8675E  00 

0.6152E 

03 

0.8476E  00 

0.2113E 

03 

0.9194E  00 

C  .652  IE 

C  3 

0.8983E  00 

0.2230E 

03 

0.9714E  00 

0.68S0E 

C  3 

0.9491E  00 
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GA/Phys/63-5,6 


M=l 

F  c=  o.49C8e-oi 

FM  = 

C.2C37E 

02 

NCPT  = 

6 

N 

RED.  FACTOR 

MULT. FACTOR 

SliM/H 

SUM/29.8 

6 

0 .605  IE  00 

0.  1653E 

01 

0.4C48E 

01 

0.  1358E-00 

5 

0 . 5  <i  V  2  E  00 

C. 1827E 

01 

0.4C86E 

01 

0. 1371E-00 

4 

0.4707E-CC 

0.2125E 

01 

0.4249E 

01 

0. 1426E-00 

3 

0.366  1E-0C 

0 . 2  7  3  1  E 

01 

0.4731E 

01 

0. 1587E-00 

2 

0.22  L5E-00 

0.4514E 

01 

0.6384E 

01 

0.2  142E-C0 

2 

F  <0=  0. 196  3E-01 

FM  = 

0.5 

094E  02 

NOP  T  * 

8 

N 

REO.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

8 

G.6118E  00 

C. 1634E 

01 

0.4623E 

01 

0. 1551E-00 

7 

0.5702E  00 

C. 1753E 

01 

0.4639E 

01 

0. 1557E-G0 

6 

G.5194E  00 

0. 1925E 

01 

0.4716E 

01 

0.  1583E-C-:. 

5 

0.4556E-0C 

0.2195E 

01 

0.4908E 

01 

0. 1647E-00 

4 

C.3743E-0C 

0.2672E 

01 

0.5343E 

01 

0. 1793E-00 

TC 

II 

FQ=  O.S816E-G2 

FM  = 

0.1019E 

03 

NGP  T  = 

9 

N 

REO.  FACTOR 

MJL  T. FACTOR 

SLM/H 

SUM/29,8 

9 

0.5982E  00 

0. 1672E 

01 

0.5C15E 

01 

C.  1683E-C0 

8 

0 .56  ICE  00 

0.1782E 

01 

0.5C41E 

01 

0.  1692E-00 

7 

0.5166E  00 

C. 1936E 

01 

0.5122E 

01 

0.  1719E-00 

6 

0.4627E-0U 

0.2161E 

01 

0.5294E 

01 

0. 1776E-00 

5 

0.3966E-00 

C.2521E 

01 

0.5638E 

01 

C . 1 892E-00 

M=  4 

FQ-  0.6544E-0 2 

FM  = 

0.1528E 

C3 

NOP  T  = 

10 

N 

R  tO .  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

10 

0.6048E  OC 

0. 1654E 

01 

0.5229E 

01 

0. 1755E-00 

9 

0.5715E  OC 

0. 1749E 

01 

C.5246E 

01 

0 . 1 760E-00 

8 

0.5333E  00 

0. 1875E 

01 

0.5304E 

01 

0. 1760E-00 

7 

G.4875E-0C 

C.2051E 

01 

0.5427E 

01 

0. 1821E-00 

6 

0.4325E-00 

0 . 2  3 12  E 

01 

0.5664E 

01 

0. 1901E-C0 

M=  5 

F  U=  0.49C8E-02 

FM  = 

0.2037E.  03 

NCPT  = 

11 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/H 

SUM/29.8 

11 

0.6167E  00 

C. IG22E 

01 

0.5378E 

01 

0. 1805E-00 

1C 

0.5876E  OC 

C. 1702E 

01 

0.5382E 

01 

0. 1806E-C0 

9 

0.5535E  00 

0. 18C5E 

01 

0.5416E 

01 

0. 1817E-00 

8 

0.5145E  00 

0. 1944E 

01 

0.5498E 

01 

0. 1845E-00 

7 

0.4679E-00 

0.2137E 

01 

0.5655E 

01 

0. 1898H-C0 
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GA/Phy«/63-6,6 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 - A 

7  CORRECTION  STEPS 
N  RANGE 

0  0.2347E  03 

1  0.1104E  03 

2  0.5220E  02 

3  0.2498E  02 

4  0.1225E  02 

5  0.6290E  01 

6  0.3502E  01 

7  0.2197E  01 


MARS-CLOSE 

TIME 

0.2706E  04 
0.1258E  04 
0.5833E  03 
0.2708E  03 
0.1271E  03 
0.6163E  02 
0.3180E  02 
0. 1781E  02 


TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  IN 0,0 A  MARS-CLOSE 

9  CORRECTION  STEPS 


N 

RANGE 

TIME 

0 

0.2347E 

03 

0.2706E 

04 

1 

0. 1305E 

03 

0. 1 49 IE 

04 

2 

0.7274E 

02 

0.3208E 

03 

3 

0.4076E 

02 

0.4514E 

03 

4 

0.2304E 

02 

0.2487E 

03 

5 

0.1323E 

02 

0.1381E 

03 

6 

0.7798E 

01 

0.7800E 

02 

7 

0.4788E 

01 

0.4548E 

02 

8 

0.3120E 

01 

0.2774E 

02 

9 

0.2197E 

01 

0.1781E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  IN 0,0 A  MARS-CLOSE 

11  CORRECf ION  STEPS 


N 

RANGE 

TIME 

0 

0.2347E 

03 

0.2706E 

04 

1 

0.1454E 

03 

0. 1665E 

04 

2 

0.9017E 

02 

0.1023E 

04 

3 

0.5609E 

02 

0.6282E 

03 

4 

0.3504E 

02 

0.3858E 

03 

5 

0.2204E 

02 

0.2374E 

03 

6 

0.1402E 

02 

0. 1468E 

03 

7 

0.9058E 

01 

0.9180E 

02 

8 

0.5996E 

01 

0.5845E 

02 

9 

0.4104E 

01 

0.3820E 

02 

10 

0.2936E 

01 

0.2579E 

02 

11 

0.2215E 

01 

0.  1801E 

02 

-RETURN 

DELTA-TIME 

0. 

0.1449E  04 
0.6744E  03 
0.3125E  03 
0.1437E  03 
0.6547E  02 
0.2983E  02 
0.1398F  02 


-RETURN 

DELTA-TIME 

0. 

0.1215E  04 
0.6707E  03 
0.3694E  03 
0.2027E  03 
0.11C6E  03 
0.6005E  02 
0.3251E  02 
0.1774E  02 
0.9934E  01 


-RETURN 

DELTA-TIME 

0. 

0.1042E  04 
0.6417E  03 
0.3948E  03 
0.2424E  03 
0.1484E  03 
0.9054E  02 
0.5502E  02 
0.3335E  02 
0.2025E  02 
0.1242E  02 
0.7775E  01 


GA/«W63-5,6 


COMPARISON  CP  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 

CLASS  IN - C.O - B  MARS,  RETURN 

BCN=  0.2217E  Cl  AON=  G.  7837E  00  ECCO=  0.300CE  01 

TRANSVERSE  ERROR 


KN 

DELRPN 

P 

C 

0.2347E 

03 

0.1060E  01 

0.75I6E 

03 

0.1000E 

01 

0.4819E 

02 

0.2  144E-00 

0. 1521E 

C3 

0.2023E 

-00 

0.9482E 

02 

0.4240E-00 

0.30C7E 

03 

0.4001E- 

-00 

0. 1 A  1 A  E 

03 

0.6349E  CO 

0.45C3E 

03 

0.5991E 

00 

0. 1881E 

03 

0.8469E  00 

G.60C6E 

C3 

0.7991E 

00 

LONGITUDINAL 

ERROR 

RN 

DELRPN 

P 

0 

0.2347E 

03 

0 .4838E-02 

0.3431E 

01 

0. 1000E 

01 

0.4819E 

02 

0.4652E-02 

0. 3299E 

01 

0.9617E 

00 

0.9482E 

02 

0.4766E-02 

0.3380E 

Cl 

0.9853E 

00 

0.  1414E 

03 

0.4806E-02 

0.3408E 

Cl 

0.9934E 

00 

0. 1881E 

03 

0.4826E-02 

0.3422E 

Cl 

0.9975E 

00 

VARIATIONS  CN  PERI-APSIS  01  STANCE  —  MARS , RE TURN 


CLASS 

IN— 

-C.O - B 

BON=  0. 

2217E 

Cl  RPERN 1 1 )  = 

0.1567E  1 

01 

DVON=  0.212 

RN 

DELRPN 

P 

C 

0.2347E 

03 

0.1C60E  01 

0.7516E 

C3 

0.1000E  01 

0. 1322E 

02 

0. 5793E-01 

0.41C8E 

0  2 

0.5466E-01 

0.2488E 

02 

0. 1101E-00 

C.7810E 

C2 

0. 1039E-00 

0.3C54E 

02 

0.1G22E-00 

C.1151E 

C3 

0. 1531E-00 

0.4819E 

02 

0.21 44E-00 

0.1521E 

C3 

0. 2023E-00 

0.5985E 

02 

0 . 2667E-00 

0. 1891E 

C3 

0.2516E-00 

0.7151E 

02 

0 . 3 1 90E-00 

0.2263E 

C  3 

0. 3010E-00 

0.8316E 

02 

0.3715E-00 

0.2635E 

0  3 

0. 3505E-00 

0.9482E 

02 

0 . 4240E-00 

0.30C7E 

C3 

0.4001E-00 

0. 1G65E 

03 

0.4766E-00 

0.3380E 

0  3 

0.4497E-00 

0.1181E 

03 

0.5293E  00 

0.3754E 

03 

0.4994E-00 

0. 1298E 

03 

0.5821E  CO 

0.4128E 

C  3 

0.5492E  00 

0.14  14E 

03 

0.6349E  00 

0.45C3E 

03 

0.5991E  00 

0.  Iii3  IE 

03 

0.6878E  00 

0.4878E 

03 

0.6490E  00 

0. 1648E 

03 

0.7408E  00 

C.5254E 

03 

0.6990E  00 

0. 1764E 

03 

0.7938E  00 

0.5630E 

C3 

0.7490E  00 

0. 1881E 

03 

0.8469E  00 

0.60C6E 

03 

0.7991E  00 

0. 1997E 

03 

0.9C0GE  00 

0.6363E 

03 

0.8493E  00 

0.2114E 

03 

0.9&32E  00 

0.6760E 

03 

0.8995E  00 

0.2230E 

03 

0.1C06E  01 

0.7138E 

C  3 

0.9497E  00 

230 
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OA/Pbja/63-6,6 


=  1 

FU=  0.5354E  00 

FM=  0.1868E  01 

MCPT  = 

l 

N 

REO.  FACTOR 

MULT. FACTOR  SLM/W 

SUM/29.8 

1 

0.5354E  00  ■ 

0.1868E  01  0.1868E 

01 

0 . 6268E-01 

=  2 

FQ=  0.2141 E-00 

FM  = 

0.4670E 

Cl 

NCPT  = 

3 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

3 

0.5983E  00 

0. 1671E 

01 

0.2895E 

01 

0.9715E-01 

2 

0.4628E-00 

0.2161E 

01 

0.3C56E 

01 

0. 1026E-00 

1 

0 . 214 1E-0C 

0.4670E 

01 

0.4670E 

01 

C.  1567E-C0 

1=3 

FQ=  0.1071 E-00 

FM  = 

0.9339E 

Cl 

NOPT= 

4 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

4 

0.572CE  00 

0.1748E 

01 

0.3496E 

01 

0.  1173E-00 

3 

0.4749E— 00 

C.2106E 

01 

0.3C48E 

01 

0. 1224E-00 

2 

0.3272E-00 

0.3056E 

01 

0.4322E 

01 

C.  1450E-00 

1 

0.10  7  IE-00 

0.9339E 

01 

0.9339E 

01 

0 . 3 134E-00 

M=4  FQ=  0.7138E-01 
REO.  FACTOR 
0.5898E  00 
0. 5169E  00 
0 . 4148E-00 
0 . 2672E-00 
0.7138E-01 


FM=  0.1401E  C2 
MULT. FACTOR  SLM/W 
0.1695E  01  0.3791E 

0.1935E  01  0.3869E 

0.2411E  01  0.4175E 

C.3743E  01  0.5293E 

C.1401E  02  0 . 140 IE 


NCPT  =  5 

SUM/29.8 

01  C.1272E-00 

01  0. 1298E-00 

01  0.1401E-00 

01  0 . 1 776E-C0 

02  0.4701E-00 


5 


FQ=  0 . 5354E-0 1 
RED.  FACTOR 
0.613SE  00 
0.5566E  00 
0.48  ICE-00 
0.3769E-0C 
0 . 2  3 14E-00 


FM  =  0.1868E  02  NCPT  =  6 


MULT. FACTOR 

SLM/W 

SUM/29.8 

0. 1629E 

01 

0.3990E 

01 

C. 1339E-00 

0. 1796E 

01 

0.4C16E 

01 

0. 1348E-00 

0.2079E 

01 

0.4158E 

01 

0. 1395E-00 

0.2C53E 

01 

0.4596E 

01 

C.  1542E-00 

0.4322E 

01 

0.6112E 

01 

C . 205 1 E-00 

2  a 


GA/Hiy*/63-5t6 


f I  ME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 - B 

2  CORRECT  I UN  STEPS 
N  RANGE 

0  0.2347E  03 

1  0.5551E  C 2 

2  0 . 1 405 E  02 


MARS-OPT 


TIME 

0.2  74  7E  04 
0.6320E  33 
0.L504E  03 


TIME 

FROM  PERI- 

APSIS  IN  MINUTES 

CLASS  IN - C, 

0 - B  MARS-0 

4 

CORRECT  ION- 

STEPS 

N 

RANGE 

TIME 

0 

0.2347E  03 

0.2747E 

04 

l 

0.II37E  03 

0.13I7E 

04 

2 

0.5550C  02 

0.63I9E 

03 

3 

0.2751E  02 

0. 30*36 

03 

4 

0 . 1 405 E  02 

0. I503E 

03 

TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  IN 0,0 8  MARS-OPT 

6  CORRECTION  STEPS 


N 

RANGE 

TIME 

0 

0.2347F 

03 

0.2747E 

04 

1 

0. I447E 

03 

0.16820 

04 

2 

0.8943E 

02 

0. 10  3  IE 

04 

3 

0.5551E 

02 

0.6319E 

03 

4 

0.3468E 

02 

0.3835E 

03 

5 

0.2189E 

02 

0.2403E 

03 

6 

0. 1405E 

02 

0. 1504E 

03 

RETURN 

DELTA-TIME 

0. 

0.2I15E  04 
0.4816E  03 


RETURN 

DELTA-T IME 

0. 

0.1430E  04 
C.6B48L  03 
0.3266E  03 
0.1549C  03 


RETURN 

DELTA-TIME 

0. 

0.1065r  04 
0.65l9i-  03 
0.39B7E  03 
0.24336  03 
0.14B2C  03 
0. 8  999E  02 


222 


GA/niye/63-5*6 


CL  f'  PAR  I 

SOI-  l  1 

LONG!  1  Ul)  INAL 

AMD  TRANSVERSE 

veloci ry  errors 

CLASS 

19 - 

C  .  0 - U 

M/vRSi  RE  1  CRN 

ncN-  ( 1 . 

lGSb! 

ci  aun=  o . 

n>  i /E  oo 

ECCC=  0.234CE 

01 

T  R  A  i'1  S  V  E  •<  S 1  I-K 

'•’OK 

-j 

DELKPN 

p 

c 

O  .  ?  3  4  7  L 

f;  i 

0.1036E  01 

0 . 7  3  4  9  E 

0  3 

0. iOOOE 

01 

U.477KL 

02 

0.2C52E-00 

0. 1465E 

03 

0.  198CE- 

-00 

0.94  Sit 

07 

0 . 40  9bE- 00 

0.29C5F 

C  3 

0. 3952E 

-00 

0. 14  12E 

0  7 

0.6166E  CO 

0.43  /3C 

03 

0. 5950E 

00 

0.  iilHOE 

0  3 

0.8256E  00 

0.5855E 

03 

0.  7  9  6  8  E 

00 

LONG  I  TUU1NAL 

l-KKOK 

KM 

DEI.RPN 

P 

C 

0.2 J47E 

03 

0.4 1 06E-02 

C  .  2  9  5  6  E 

C  1 

0. 100CE 

01 

0.4/78c 

02 

0 . 40  42E-02 

0.286  7F 

Cl 

0. 9698E 

CO 

n. 94 5  IE 

02 

0.4  120E-02 

C.2922E 

01 

0. 9884E 

00 

0.  L412E 

03 

0.4147E-02 

C.2941F 

Cl 

0.9948E 

00 

o.  lenct 

03 

0.4 160E-C2 

0.2950E 

Cl 

0 . 998  IE 

00 

VARIATIONS  CN  PERI-APSIS  01  STANCE  —  RARS»RcfGRN 


CLASS 

IN - C. 

c — u 

BCN  =  0. 

1656F  Cl 

RPERNI2  )  = 

0.105CE  ' 

01 

l)VON=  C.2145E 

KN 

OELRPN 

P 

C 

0. 2347E 

03 

0.10366  Ul 

C. 7349F 

C  3 

0.100CE  01 

0. 1273E 

U2 

0.5  3  86E-C l 

C.  3820F 

C2 

C. 5198E-01 

0.2441E 

0  2 

0. 1C41E-C0 

C.  7385E 

C2 

0. 1005E-C0 

0.3610E 

02 

0. 1545E-C0 

0. 1086E 

C3 

0. 1491E-00 

0.4  778E 

U2 

0.2C52E-UU 

0. 1456F 

C  3 

0. 1980E-00 

0  .  '3  9  4  6  E 

0  2 

0.256CE-00 

C.  1815C 

03 

0.24  7CE-00 

0. 71 14t 

02 

0. 3C7CE-0C 

C.2177E 

C  3 

C.2963E-00 

0.8283E 

02 

0.35b 2 E-00 

C.2540E 

C  3 

0. 3457E-00 

C.9451E 

02 

0.4C95E-0C 

0.29C5E 

C  3 

C.3952E-00 

0. 1C62E 

03 

0.46  UE-OC 

C.327CF 

C3 

0.445CE-00 

C.  U79E 

03 

0.51286  00 

C.3637E 

C3 

0. 4949E-00 

0. 1296E 

03 

0.5646E  00 

0.4C04E 

C3 

0.5449E  00 

0. 1412E 

0  3 

0.6166E  00 

0.4373E 

03 

0.595CE  00 

0.  1529t 

03 

0.6686E  OC 

C.4742E 

C3 

0.6453E  00 

C.  1646L 

03 

0.7208E  00 

C.5112E 

C3 

C.6957E  00 

0.1763E 

03 

0.7732E  00 

0.5483E 

C3 

0.7462E  00 

0. L88CE 

03 

0.8256E  00 

0.5855F 

C3 

0.796RE  00 

0. 1996E 

03 

0. 87 8 IE  OC 

0.fc228F 

03 

0.8474E  00 

0.2113E 

03 

0.9307E  00 

0.66C1E 

C3 

0.8982E  00 

0.2230E 

03 

0.9834E  00 

0.6974E 

C  3 

0 . 949  IE  00 
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M=1  FC  =  0.48481-01 
N  PEC.  FACTOR 
6  0.6039E  OC 

6  G.5459E  00 

4  C.4692E-CC 

3  0.3646E-00 

2  0 . 220  2E-00 


FM=  0.206 
MULT. FACTOR 
0.1656E  01 
0 . 1832C  01 
0.2131E  01 
0.2742E  01 
C . 4542E  01 


C2  NCR 
SUM/W 

0.4C56E  01 
0.4C96E  01 
0.4262E  01 
0.475UE  01 
0.6423E  01 


*  6 

SUM/29.8 
C. 13olE-C0 
C.  137‘jE-CO 
C. 1430c- 00 
0. I 594E-00 
0.21 5  5E-C0 


M=2  FG  =  C.1939E-01 
N  REO.  FACTOR 

8  0.6109E  00 

7  0.5693E  00 

6  0.5183E  00 

5  0.4545E-0U 

4  0.J732E-00 


FM*  0.5157E  02 
MULT. FACTOR  SUM/M 
0.1637E  01  0.4630E 

0.1756E  01  0.4647E 

0.1929E  01  0.4726E 

0.2200E  01  0.492GE 

0.2680E  01  G.5359E 


NOPT*  8 


SUM/29.8 

01 

0. 1554E-00 

01 

0. 1559E-C0 

01 

C.  1586E-00 

01 

C.  1651E-C0 

01 

0.  1798E-C0 

M*3 

N 

9 

8 

7 

6 

5 


FC=  0 . 9696E-02 
REP.  FACTOR 
0.5974E  OC 
0.5602E  00 
0.5157E  00 
0.46 18E-0C 
0. 3957E-00 


FM*  0.1031E  03  NCPT*  9 


MULT. FACTOR 
0.1674E  01 
C.1785E  01 
0.1939E  01 
0.2166E  01 
0.2527E  01 


SUM/W 

0.5C21E  01 
0.5C49E  01 
0.5131E  01 
0.53C4E  01 
0.5652E  01 


SUM/29.8 
C.  1685E-C0 
0. 1694E-C0 
0. 1722E-00 
C.  1780E-00 
0. 1896E-00 


M*4  FQ*  0.6464E-C2 
N  REO.  FACTOR 

10  0.604CE  OC 

9  C.5711E  00 

8  0.5325E  00 

7  0.4866E-0C 

6  0 . 43 lfcE-00 


FM  =  0.1547E  C 3 
MULT. FACTOR  SOM/W 
0.1656E  01  0.5235E 

C.  1  75  IE  01  0.5253E 

C.187BE  01  0.5312E 

0.2055E  01  0.5437E 

0.2317E  01  0.5675E 


NOPT* 

1C 

SUM/29.8 

01 

0. 1757E-00 

01 

0. 1763E-00 

01 

C.1782E-C0 

01 

C. 1824E-00 

01 

C. 1904E-00 

M*5  FG*  0.4848E-02 
N  REC.  FACTOR 

11  0.616CE  OC 

10  0.5869E  00 

9  0 . 553 IE  00 

8  0.5137E  OC 

7  0.4671E-00 


FM*  0.2063E  C3 


MUL  T. FACTOR 

SUM/W 

C.1623E 

01 

0.5384E 

0. 1704E 

01 

0.5388E 

0. 1808E 

01 

0.5423E 

0. 1947E 

01 

0.5506E 

G.2141E 

Cl 

0.5665E 

NCPT  *11 


SUM/29.8 

01 

0. 1807E-C0 

01 

0. 180SE-00 

01 

0. 1320E-C0 

01 

C.  1848E-C0 

01 

C.  1901E-CC 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN 0,0 B  MARS-CLOSE-RETURN 

7  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA- II  ME 

0 

0.2347E 

03 

0.2745E 

04 

0. 

1 

0.1  L02L 

0  3 

0. 1273E 

04 

C.  1472E 

04 

2 

0.5203E 

02 

0.5891E 

03 

0.6840E 

03 

3 

0.2486E 

02 

0.2728E 

03 

0.3163c 

03 

4 

0.12176 

02 

0.1277E 

03 

0. 1451E 

03 

5 

0.6245E 

01 

0.6179E 

02 

0.65926 

02 

6 

0.3477F 

01 

0.3184E 

02 

0.2995E 

02 

7 

0.2  1846 

01 

0. 1782E 

02 

0. 1401E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN u , 0 8  MARS-CLOSE-RETURN 

9  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.2745E 

04 

0. 

1 

0. 1303E 

0  3 

0.1510E 

04 

0.1235E 

04 

2 

0.7253E 

02 

0.8296E 

03 

0. 68066 

03 

3 

0.4058E 

02 

0 . 45  53E 

03 

0.37426 

03 

4 

0.2292E 

02 

0.2504E 

03 

0.20506 

03 

5 

0. 1314E 

02 

0.1387E 

03 

0.  1117L- 

03 

6 

0. 7739E 

01 

0.7820E 

02 

0.60481" 

02 

r 

0.4750E 

01 

0.4554E 

02 

0.32671 

02 

a 

0.30966 

01 

0.2775E 

02 

0. L779L 

02 

9 

0.2182E 

01 

0.1781E 

02 

0.9944E 

01 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - (',0 - 6  MARS-CLOSE-RETURN 

II  CORRECTION  STEPS 


N 

RANGE 

TIME 

OELTA-TIME 

0 

0.2  347E 

03 

0.2745E 

04 

l). 

1 

0. 1450E 

03 

0. L684E 

04 

0. 1061c 

04 

C. 

0.89  TIE 

02 

0. 1032E 

04 

0.65201: 

03 

3 

0 . 5566E 

02 

0.6316E 

03 

0.40006 

03 

4 

0. 3469E 

02 

0.3867E 

03 

0.24496 

03 

5 

0.2177F 

02 

0.2372E 

03 

0. 1495E 

03 

6 

0.1382E 

02 

0. 1463E 

03 

0.9092F 

02 

7 

0.8914E 

01 

0.91 22E 

02 

0. 55C66 

02 

8 

0.5894E 

01 

0.5795E 

02 

0.33260 

02 

9 

0.4034F 

01 

0. 3782E 

02 

U.  20 131- 

02 

10 

C.2888E 

01 

0.2551E 

02 

0.12316 

02 

11 

0.2182E 

01 

0. 1 78 1 E 

02 

0. 7697E 

01 
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COMP  AR  ISON  CP  LONG  I TUDINAL  AMO  TRANSVERSE  VELOCITY  ERRORS 

CLASS  IN - C.O - C  MARS,  RETURN 

RCN=  0.1599E  CL  AON=  0.5655E  00  ECCC=  0.300CE  OL 

TRANSVERSE  ERROR 


RN 

DELKPN 

P 

Q 

C.2347E 

03 

0.9C22E  00 

C.6399E 

C3 

0. 1000E 

01 

C.4/84E 

02 

0. 1811E-C0 

G.L284E 

C3 

0.2007E- 

•00 

0.94566 

0? 

0. 3597E-00 

0.255  IE 

C  3 

0 . 3987E-00 

0. 14L3E 

03 

G.5396E  00 

0.382  7E 

03 

0.5981E 

00 

0.  lfcHOE 

03 

0.7205E  00 

0.51 LOE 

C3 

0. 7986E 

00 

LONGITUDINAL 

ERROR 

RN 

OELRPN 

P 

0 

C.2347E 

0  3 

0.2976E-02 

0.21 LOE 

Cl 

0. 1000E 

01 

0.4784E 

02 

0.2892E-02 

0.2051E 

Cl 

0.9720E 

00 

0 . 94  56  E 

02 

0. 2944E-C2 

0.2088E 

CL 

0.9893E 

00 

0. L4L3E 

0  3 

0.2962E-02 

0.21C0E 

CL 

0.9952E 

00 

o. ieaoE 

0  3 

0.2970E-02 

0.21C7E 

Cl 

0.9982E 

00 

VARIATIONS  CN  PERI-APSIS  DISTANCE — MARS, RET URN 


CLASS 

IN - C. 

C— C 

bon=  o. 

1599E  Cl 

RPERN I  1 )  = 

0.1131E 

01 

DVON=  C.2497E 

RN 

OELRPN 

P 

C 

0.2347E 

03 

0.9C22E  CO 

0.6399E 

C  3 

0.1C00E  01 

0. 128  IE 

02 

0.4794E-01 

0.34COE 

C2 

0.5314E-01 

0.2449E 

02 

0.9227E-01 

0.6544E 

C2 

0. 1023E-00 

0.3617E 

02 

0. 1366E-C0 

0 .9689E 

C2 

0. 1514E-00 

0.4734E 

02 

0.18HE-00 

0. 1284E 

C3 

0 . 2007E-00 

0.5952E 

02 

0.2256E-C0 

C. 16C0E 

C3 

0. 2500E-00 

0.7120E 

02 

0. 27C2E-00 

0.1916E 

C3 

0. 2995E-00 

0.8288E 

02 

0.3 149E-00 

0.2233E 

C  3 

0. 3491E-00 

0.9456E 

02 

0. 3597E-00 

0.2551E 

C  3 

0. 3987E-00 

0. lCfa2b 

03 

0. 4C46E-00 

0.2869E 

C3 

0.4484E-00 

0. 1179E 

03 

0. 4495E-00 

C.3ie8E 

C3 

0.4982E-00 

0. 1296E 

03 

G.4945E-00 

0.35C7E 

C  3 

0. 548  IE  00 

C.  1413E 

03 

0.5396E  00 

0.3827E 

C3 

0.5981E  00 

0. 1529E 

03 

0. 5847E  00 

C.4147E 

C  3 

0.6481E  00 

0. 1646E 

03 

0.6299E  CC 

C.4468E 

C  3 

0.6982E  00 

0.  1763E 

03 

0.6I52E  00 

0.4789E 

C  3 

0.7484E  00 

0. lfcSOE 

03 

0. 7205c  00 

C.5110E 

C  3 

0.7986E  00 

0.  1997E 

03 

0.7659E  00 

0.5432F 

C3 

0.8489E  00 

0.2113E 

C  3 

0.8113E  00 

C.5754E 

C  3 

0.8992E  00 

0.2230c 

03 

0.B567E  CO 

0.6076E 

C  3 

0.9496E  00 
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M=l 

Fw  =  0 . 1A52E-00 

FM  = 

o.taeqE 

Cl 

NOP  T  = 

A 

N 

RED.  FACTOR 

MUL 1 .FACTOR 

SLM/W 

SUM/29.8 

A 

0.6172E  OC 

0. 1620E 

01 

0.32A0E 

01 

0. 1087E-C0 

3 

0 . 5255E  00 

C.  19C3E 

Cl 

0.3296E 

01 

C.  UC6E-C0 

2 

0.391CE-00 

C.2625E 

01 

0.3712E 

01 

C.  12A6E-00 

1 

0. 1A52E-OC 

C.6889E 

01 

0.6889E 

01 

0. 2312E-00 

M=2 

FQ=  C.58C6E-C1 

FM  = 

0.1722E 

C2 

NOPT  = 

6 

N 

RED.  FACTOR 

MULT. FACTOR 

SLM/W 

SUM/29.8 

6 

0.6223E  00 

C.  1607E 

01 

0.3936E 

01 

0. 1321E-00 

5 

0.566CE  00 

C. 1767t 

01 

0.3951E 

01 

0. 1326E-00 

A 

O.A909E-00 

0.2037L- 

01 

0.AC7AE 

01 

0. 1367E-C0 

3 

G.3872E-OC 

0.2582E 

01 

0.AA73E 

01 

C.  1501E-0:'- 

2 

0.2A1CE-00 

0. A150E 

01 

0.5869E 

01 

C.  1969E-C0 

M=  3 

FQ=  0.2903E-01 

FM=  0.3AA5E 

02 

NOPT  = 

7 

N 

RED.  FACTOR 

MUL  T. FACTOR 

SLM/W 

SUM/29.8 

7 

0.603  IE  00 

0. 1658E  01 

0.A387E 

01 

C.  1A72E-00 

6 

0.55AAE  00 

0. 180AE  01 

U.AA18E 

01 

0. 1A83E-00 

5 

0 . A927E-00 

0.2030E  01 

0.A539E 

01 

0. 1523E-C0 

A 

0.A128E-00 

0.2A23E  01 

0.A8A5E 

01 

0. 1626E-00 

3 

0.30  73E-OC 

0.325AE  01 

0.5636E 

01 

0. 1891E-00 

M=  A 

F  0=  0 . 1935E-G 1 

FM  = 

0.5 

167E  C2 

NOPT  = 

8 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

8 

0.6107E  00 

0.1637E 

01 

0.A631E 

01 

C.  155AE-00 

7 

0.5692E  00 

0. 1757E 

01 

O.AfcABE 

01 

C.  1560E-00 

6 

0.5182E  00 

0. 1930E 

01 

0.A727E 

01 

0. 1586E-00 

5 

0.A5A3E-00 

0.2201E 

01 

0.A922E 

01 

C. 1652E-00 

A 

0 . 373CE-0G 

0.2681E 

01 

0.5362E 

01 

Ci  1799E-C0 

M=  5 

FQ=  0 . IA52E-0  l 

FM  = 

0.6889E 

C  2 

NCPT- 

8 

N 

RED.  FACTOR 

MULT. FACTOR 

SUM/W 

SUM/29.8 

8 

0.5892E  00 

0. 1697E 

01 

0.A801E 

01 

0. 1611E-00 

7 

0.5A63E  00 

0. 1831E 

01 

0.A8A3E 

01 

0. 1625E-C0 

6 

O.A939E-00 

0.2025E 

01 

0.A959E 

01 

0. 166AE-00 

5 

0.A285E-00 

C.2331E 

01 

0.5213E 

01 

C.  17A9E-C0 

A 

0.3A71E-0C 

0.2881E 

01 

0.5762E 

01 

C.  193AE-C0 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN 0,0 C  MARS-OPT-RETURN 

4  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-! IME 

0 

0.2347E 

03 

0 . 234  IE 

04 

C. 

1 

0.6220E 

C2 

0.8086E 

03 

0.1532k 

04 

2 

0.2927E 

02 

0.2802E 

03 

0.5284F 

03 

3 

0. 1090E 

02 

0.9955E 

02 

0.1806k 

03 

4 

0.452  IE 

Cl 

0.3832E 

02 

0.6123E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN 0,0 C  MARS-OPT-RETURN 

6  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.2341E 

04 

0. 

1 

0.  U65E 

03 

0. 1153E 

04 

G.1189L 

04 

2 

0 . 58  1 1 E 

02 

0.5675E 

03 

0.5851C 

03 

3 

0.2927E 

02 

0.2802E 

03 

0.2873E 

03 

4 

0.1503E 

02 

0.1398E 

03 

0.1404E 

03 

5 

0.7996E 

Cl 

0.7152E 

02 

C.6827E 

02 

6 

0 .452  IE 

01 

0.3832E 

02 

0.3319C 

02 

TIME 

FROM  PER 

1- 

APSIS  IN  MINUTES 

CLASS  IN - 

0, 

0 - C  MARS-OPT- 

RETURN 

8 

CORRECTION 

STEPS 

N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.2341E 

04 

0. 

l 

0. 1387E 

03 

0. 1376E 

04 

0.9650E 

03 

2 

0.8222E 

02 

0.8088E 

03 

0.5674E 

03 

3 

0.4891E 

02 

0.4756E 

03 

0.3332E 

03 

4 

0.2928E 

02 

0.2803E 

03 

0. 1953t 

03 

5 

0  •  1 7  7  2  E 

02 

0.1661E 

03 

0.1142F 

03 

6 

0. 1090E 

02 

0.9959E 

02 

0.6653E 

02 

7 

0.6889E 

01 

0.6090E 

02 

0.3869E 

02 

8 

0.4523E 

01 

0.3834E 

02 

C.2256E 

02 
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COMPARISON  CF  LONGITUDINAL  AND  TRANSVERSE  VELOCITY  ERRORS 


CLASS 

IN - 

•0. 

0 - C 

MARS.  RETl 

JRN 

BON=  0. 

1514E 

Cl 

AON=  0. 

5655E  00 

ECCO  = 

0.2857E 

01 

TRANSVERSE  ERROR 

RN 

DELRPN 

P 

Q 

0.2347E 

03 

0.8992E  00 

0.6377E 

C  3 

0. 1000E 

01 

0.4778E 

02 

0. 1798E-00 

0.1275E 

C  3 

0.2000E- 

•00 

0.9451E 

02 

0 . 35  78E-00 

0.2538E 

C  3 

0.3979E- 

•00 

0. 1412E 

03 

0.5372E  00 

0.38I0E 

C3 

0.5975E 

00 

0. 188CE 

03 

0.7178E  00 

0.5090E 

03 

0.7982E 

00 

LONGI TUO INAL 

ERROR 

RN 

DELRPN 

P 

C 

0.2347E 

03 

0.2903E-02 

0.2059E 

Cl 

0. 1000E 

01 

0.4778E 

02 

0. 2825E-02 

0.2004E 

01 

0.9733E 

00 

0.9451E 

02 

0.2873E-02 

0.2038E 

Cl 

0.9898E 

00 

0.  1412E 

03' 

0.2889E-02 

0.2049E 

Cl 

0.9954E 

00 

0. 1880E 

03 

0.2898E-02 

0.2055E 

Cl 

0.9983E 

00 

VARIATIONS  ON  PER  I-APS  IS  DI  STANCE— KARS  .RE  TURN 


CLASS 

IN - 

c.o — c 

BON=  0. 

1514E 

Cl  RPERN I 2 ) = 

0.105CE  i 

01 

0V0N=  0.2498E 

Rfcl 

DELRPN 

P 

0 

0.2347E 

03 

0.8992E  00 

0.6377E 

C3 

0.100CE  01 

0.  1273E 

02 

0.4740E-01 

0.3361E 

C2 

0. 5271E-01 

0.2441E 

02 

0.9147E-01 

0.6487E 

C2 

0. 1017E-00 

0.3610E 

02 

0.  1356E-00 

C.9617E 

C2 

0. 1508E-00 

0.4778E 

02 

0. 179HE-00 

0.1275E 

03 

0.2000E-00 

63946  E 

02 

.  6. 2242E-Q0 

0.1590E 

C3 

0. 2493E-00 

0.7114E 

02 

0.2686E-00 

0. 19C5E 

03 

0. 2987E-00 

0.8283E 

02 

0. 3 1 32E-00 

C.2221E 

C3 

0. 3483E-00 

0.9451E 

02 

0.3578E-00 

0.2538E 

C3 

0.3979E-00 

0.1062E 

03 

0.4C25E-00 

0.2855E 

03 

0.4477F-00 

0.1179E 

03 

0.4474E-00 

0.3173E 

03 

0. 4975E-00 

U7I795F 

~ur 

0.4923E-00 

0.3491E 

03 

0.5475E  00 

0.1412E 

03 

0.5372E  00 

0.3810E 

03 

0.5975E  00 

0.1529E 

03 

0.5823E  00 

0.4130E 

C3 

0.6476E  00 

0.1646E 

03 

0.6274E  00 

0.4449E 

C3 

0.6977E  00 

07TT6TE 

'03 . 

0.6725E  00 

0.4770E 

C3 

0.7480E  00 

0.1880E 

03 

0.7178E  00 

0.5090E 

03 

0.7982E  00 

Tr7WWE~W""‘ 

O'.  T6'3OE  O‘0 

0.54122 

03 

0.8486E  00 

0.2113E 

03 

0.8084E  00 

0.5733E 

03 

0.899CE  00 

6. 2 2 30 E 

'  03 

.  0.8537E  00 

0 . 6055E 

03 

0.9495E  00 
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1  F<J-  0 . 5587E-0  1 
N  RED.  FACTOR 
6  0.6182E  00 

•j  0.5616E  OC 

4  0.4862E-0C 

3  C.3823E-00 

2  0 .  2364E-00 


FM=  0.1790E  C2 


NCPT=  6 


MULT. FACTOR 
C.1617E  01 
0.1781E  01 
0.2057E  01 
0.2616E  01 
0.4231E  01 


SUM/W 

0.3962E  01 
0.3982E  01 
0.4114E  01 
0.4531E  01 
0.5983E  01 


SUM/29.8 
0. 1329E-00 
0. 1336E-00 
0. 1360E-00 
0.A520E-00 
0.2008E-00 


M=  2 
N 
8 
7 
6 
5 
4 


FC=  0 . 2235E-G  1 
RED.  FACTOR 
0.6218E  00 
C  .  58  ICE  00 
0.5307E  OC 
0 . 46  76E-0C 
0.3866E-00 


FM=  0.4475E  C2  NCPT=  8 


MULT. FACTOR 
0.1608E  01 
0.1721E  01 
0.1884E  01 
0.2139E  01 
0.2586E  01 


SUM/W 

0.4549E  01 
0.4554E  01 
0.4615E  01 
0.4782E  01 
0.5173E  01 


SUM/29.8 
0. 1526E-00 
0. 1528E-00 
b.i 549E-00 
0.1605E-00 
0. 1736E-00 


M=  3 
N 
9 
8 
7 
6 
5 


FQ=  0.1117E-C1 
RED.  FACTOR 
0.6069E  00 
0.5702E  00 
0.5262E  OC 
0.4728E-00 
0.407CE-00 


FM=  0.8949E  02  N0PT=._9 


MULT. FACTOR 
0.1648E  01 
0.1754E  01 
0.1900E  01 
0.2115E  01 
G.2457E  01 


SUM/W 

0.4943E  01 
0.4960E  01 
0.5C28E  01 
0.5181E  01 
0.5493E  01 


SUM/29.8 

0.1659E-00 

0.1665E-00 

0.1687E-00 

C.1738E-00 

0 . 1843E-00 


M=4 

N 

10 

9 

8 

7 

6 


FQ=  0.7449E-02 
REO.  FACTOR 
0.6126E  00 
0.5802E  00 
0.5420E  00 
0.4966E-0C 
0.4419E-00 


FM=  0.1342E  03 


MULT. FACTOR 
C.1632E  01 
0.1724E  01 
0 • 1845E  01 
0 . 2014k  01 
0.2263E  01 


SUM/W 

0.5162E  01 
0.5171E  01 
0.5218E  01 
0.5328E  01 
0.5543E  01 


NCPT*10 

SUM/29.8 
0.1732E-00 
0.1735E-00 
0.1751E-00 
0.1788E-00 
C.1860E-C0 


M=5 

K 

1C 

9 

8 

7 

6 


FG=  0.5587E-02 
RED.  FACTOR 
0.5953E  00 
0.561SE  00 
0.5229E  00 
0.4766E-00 
0.42 12E-00 


FM=  0.1790E  03  N0PT*1C 


MULT. FACTOR 
0.1680E  01 
0.1780E  01 
0.1913E  01 
0.2098E  01 
0.2374E  01 


SUM/W 

0.5312E  01 
0.5339E  01 
0.5409E  01 
0.5551E  01 

0.5ei5E  01 


SUM/29.8 

0.1783E-00 

0.1792E-00 

0.1815E-C0 

0.1863E-00 

C.1951E-00 
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TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 - C 

6  •  CORRECTION  STEPS 
N  RANGE 

0  0.2347E  03 

I  0.9946E  02 

'2  0.4250E  02 

3  0.1851E  02 

4  0.8404E  01 

5  0.4147E  01 

6  0.2355E  01 


MARS-CLOSE-RETURN 


TIME 

0.2341E  04 
0.9814E  03 
0.4115E  03 
0.L737E  03 
0 . 753 IE  02 
0.3478E  02 
0.1770E  02 


DELTA-TIME 

0. 

0.1359E  04 
0.57COE  03 
0.2378E  03 
0.9839C  02 
0.4054E  02 
0.I7C7E  02 


TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 C  MARS-CLOSE-RETURN 

8  CORRECTION  STEPS 


N 

RANGE 

TIME 

DELTA-TIME 

0 

0.2347E 

03 

0.2341E 

04 

0. 

1 

0.I232E 

03 

0.1220E 

04 

0. 1121E 

04 

2 

0.6494E 

02 

0.6355E 

03 

0.5845E 

03 

3 

0.3446E 

02 

0.3314E 

03 

0.3041F 

03 

4 

0.1852E 

02 

0.1738E 

03 

0.1576E 

03 

5 

O.I018E 

02 

0.9247E 

02 

0.8131E 

02 

6 

0.5826E 

01 

0.506BE 

02 

0.4180E 

02 

7 

0.3547E 

01 

0.2910E 

02 

0.2157C 

02 

8 

0.2356E 

01 

0.1772E 

02 

0.1139E 

02 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  IN - 0,0 - C  MARS-CLOSE-RETURN 

10  ~  CORRECTION ' S T EPS 


N 

range 

TIME 

DELTA-TIME 

o'" 

0.2347E 

03 

0.2341E 

04 

0. 

1 

0.1401E 

03 

0.1390E 

04 

0.9510E 

03 

2 

0.8385E 

02 

0.8249E 

03 

0.5650L- 

03 

3 

0.5034E 

02 

0.4896E 

03 

0.3352F 

03 

"4 

0.3039E 

02 

0.291  IE 

03 

0. 1986E 

03 

5 

0.1852E 

02 

0.1738E 

03 

0. 1173F 

03 

6 

0.1145E 

02 

0.1047E 

03 

0.6907E 

02 

7 

0.7240E 

01 

0.6416E 

02 

C.4056E 

02 

8 

0.4735E 

01 

0.4033E 

02 

0.2383E 

02 

9 

0.3244E 

01 

0.2623E 

02 

0. 1410E 

02 

10 

0.2356E 

01 

6. 1772E 

02 

0.8510E 

01 
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G.RH  KULT I -STEP  OPTIMIZATION  PROBLEM 

DIMENSION  TITLEl(12),TITLE2(12)»r’PCR(5),P.  (510), 
innv(  *>10)  ,P0PT1  (  510  )  ,F0PT2<  510)  ,RR1  (  510, 15) ,ROPTS(  15)  , 
2RR 2(519*15)  ,ROPT( 15, 15 ) » RPERN ( 5 ) , P <  510 ) , OV ( 5  10 ) 
Acr=o.o 

120  READ  INPUT  TAPE  2 , 202  ,  T I TLE 1 , G, R I N , RPLAN , W ,  V  I  N ,  N 

202  FORMAT  (12A6./5C12. 0,115) 

OE:LV  =  W*2O.0 

E0=  (  V  I  N*  V  I  N  )  /?  .  0-G/  <  R  I  :N*RPL  AN  ) 

V  I  N  F  2  =  2 . 0  » l~  0 
P, PER  (  1  )  =2.0*0/VINF2 
ADO= ADU+  1,0 
I F ( Ann- 3  -  0 ) 22, 33 ,33 
22  RPC R(2)  =  l.l«P. PLAN 

HO  TO  60  . 

33  RPCR ( 2 ) =6600 . 0 
66  AC=G/ ( 2 . 0»EC ) 

00  70  1=1,2 

C0UNT=C.C  --  . 

nvstjr=ioccooo.o 

21  REAP  INPUT  TAPE  2 , 203 ,  T  I  TIE  2 ,  R I  NPt)  T . - 

203  FORMAT  ( 12A6,/E12.0) 

ECCP=(RPERU  )/A0)+1.0  . 

0O=AO*SQRTF( ( ECCO*ECCO ) - 1 . 0  ) 

V00=SQRTF(G*(2.0/RPER< I J  +  l.O/AO)  ) 

HG=P>PEP.  (  I  )*VCC 

VCO=SQRTF  ( G/RPER  (  I  )  >  '  ■  . . . . * . . 

DVO=  VOC- VCO 

0 VON  =  0 VO/29. 8 

RPEP.NI  I  )  =  R P C R  ( I  )  /RPLAN 

R ( 1 )=R INPUT  . 

RD=RPL AN* ( R I N-R ( 1) 1/500.0 

P<  1  )  =  <PPERN(  I  »—  i  .0  )■/ t  10.0*W> . . . 

R(l)=.RINPUT*RPLAN 
DO  102  1=2,501 
R ( L ) =R ( L- 1 ) +RD 

VC=St!RTF(G*(2.0/R(L)*l.0/A0>  )  • 

SFIO=HO/(R(L)*VO) 

F I 0= AS IM(SFIO)  . 

V0V2=V0»VC*PELV*0FLV 
VCV=SQRTF( V0V2  ) 

F I =F 1 0  + AT  ANF ( DELV/VO) 

ATP.U=  (G*R(L))/(R(L)*(  VOV*  VOV  )  -2 . 0*G  ) 

H  TRU=R ( L ) *VGV*S I NF ( F  I  ) 

ETP,U=G/(2.0«ATRU) 

BTRU  =  SCRTF I (HTRU*HTRU)/( 2.0*ETRU)  ) 

ECTRU=SGRTF ( ( 8TRU«BTRU ) / ( ATRU*ATRU ) ♦ 1 . 0 ) 

RGTROATRU*  (  ECTRU-1.  ) 

DCLP.PN=  (  ROTRU-RPEP.  (  I  )  ) /RPLAN 
102  P ( L ) =  0 E L R P N / W 
DO  101  L= 1 ,501 
R ( L ) =R ( L ) /RPLAN 
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00V3=P(50l )/P(L) 

101  onv(L)=oov3*cnv3 

WHITE  OUTPUT  TAPE  3 , 30 1 , T  I TLE 1 , T I TLE2 
301  FORMAT  (  12A6./12A6) 


0V(501)=0.0 

OVO  =  SQRTF{CnV(  1H 

WHITE  OUTPUT  TAPE  3 , 305, OVD, R (II 

305  FORMAT  ( 1  HO , 9X , 1H1 , A X , 6HDV0PT=E 1 2 . 5 , / 1 5X , 1 2HR0PT (  1,  I ) =E 1 1  . A ) 
RR2  (  1 , l)=R( 1 ) 

ROPTIl,n=R(l) 

1)0  16  M=  2  »  N 

MMM=M-2 

DVCPT  =  1.C000C000.0 
FCPT2 ( l)=0.0 
DO  14  J  =  W ,500 
RP.K  J,U=R<1) 

FOPTK J)=10COCOOO.O 
JJ=J-1 

I F ( MMM ) 2  *  2 ♦ 3 

2  ()V3=P(J)/P(l) 

DV( 1 )=DV3*DV3 
FOPTK  J)=OV<  l) 

FOPTK1KO.O  . 

GO  TC  9 

3  DO  8  K=vy,jj 
DV3=P( J)/P(K) 

DV  ( K  3  *DV.3»DV3 
FUNC=OV (K)+F0PT2(K) 

IF(FOPTIIJ) -FUNC ) 8 1 6 » 6 

6  FOPTK  J)=FUNC 
DG  7  (.  =  2,™ 

7  RP.  1  (  J»L)  =  RP.2(  K,L ) 

8  CONTINUE 

9  RR1 ( J,K)=R ( J ) 

TEST  =  F.OPTK  JH-OOVI  J) 

IF(UVOPT-TEST)14,14,lO 

10  DVOPT* TES T 
no  11  L=l,M 

11  ROPT(M,U=RRl  I  J,L) 

14  CONTINUE 

DC  12  »  50 1 

DO  13  L  =  l,M 
13  RR2(.1,L)=RP.1(  J,L) 

12  F0PT2I J)=F0PT1( J) 

OVOPTl=SCRTF(CVOPT) 

CCUNT=C0UNT+1 .0 
IFICOUNT-8. 0)43, 40,41 

40  WRITE  OUTPUT  TAPE  3,333 
GO  TO  43 

41  I  F ( COUNT- 12 . 0 ) 43 , 4  2  » 43 

42  WRITE  OUTPUT  TAPE  3,333 
333  FORMAT  (1HI) 
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43  WRITE  OUTPUT  T APC  3 , 303 , M , DVCPT 1 

303  FOP,  V  A  V  {  IH0.8X,  I  2 , 4 X , 6HDVCPT  =  E 12 . 5 ) 

DC  15  L=1,M 

15  WRITE  OUTPUT  TAPE  3 , 304 , M , L , ROPT ( M , L ) 

304  FORMAT  ( l 5X , 5HR0PT I , I  2 , 1H , , 1 2 , 2H ) =E 1 1 .4 ) 
IF(DVSUP-DVCPTl) 16,16,1001 

1001  OVSUP=OVQPT 1 
NN=M 

oc  1002  - . .  . -  . 

1002  ROPTS(L)=ROPT (  M ,  L  ) 

16  CONTINUE  -  .  . 

N  1=0 

-  ACN=AO/PPLAN 

TTT=(A0*»l.5)/SGRTF(G) 

CO SHF I  =  ( 1 .O/ECCOJ  *  I l • 0+R I N/ AON  > 

C0SH2=CQSHF I  * CO SHF  I 

SINHFl=SQRTF(C0SH2-1.0)  . 

FI=LOGF(COSHFI+SQRTF(COSH2— 1.0) ) 

. - — TT-TTT*(ECC0*SINHFI-F1 )*( 1.0/60.0) 

TT1=TT 

-  -WRITE  OUTPUT  f APE  '3,306- —  . 

306  FORMAT  (  1H2 , 9X , 3 l HT I  ME  FROM  PERI-APSIS  IN  MINUTES) 
. - DT=OvO 

T  T  =  0 . 0 

- WRITE  OUTPUT  TAPE  3 , 307 , T I TLE2  ,  NN 

307  FORMAT  { i 2A6  » / 10X , l 2 , 2X , 16HC0RRECT ION  STEPS, 

. .  t/  tlX- j  tHN  ,  5X  ,  5HRANGE ,  1 1 X  •  AHT'IME  rt)X  ,iOHDEtTA-TI  ME  ) 

DO  17  K=i,NN 

- COSHF  t—('t .  O'/ECC'O )  »  (  1 .  O+ROPT S  (  K  )  /AON  ) . 

CQSH2=C0SHFI*C0SHFI 

- -SINHFI=SQRTF(C0SH2-1.0)  . 

FI=L0GF(CUSHFI+SQRTF(C0SH2-1.0) ) 

- . .  t^t-tt*  teeen«s  i  nhf  i -f i  )  *  <  t .  o/*o 01 — . — 

DT=T-TT 

•  —  — T-T=T  ■  . . . . 

WRITE  OUTPUT  TAPE  3 , 308 , K , ROPTS ( K ) , T , DT 
—308  FORMAT  I  10X  ,  1  2 , 2  X ,  E  1 1  ;4 , 2 1  4X  ,  E ttv411 . —  -  ~ 

17  CONTINUE 

. . WRITE  0UTPUT-TAPE  --3*309vKtfRINfTTl  . - . 

309  FORMAT  { 10X , I  2 , 2 X , E 1 1 . 4 , 4X , E 1 1 .4 , 5X , 3H0.0 ) 

70  -CONTINUE  . . . .  -  — . 

GO  TG  120 

END  I  1,0 ,0,0, 0,0, 1,0 ,0,1, 0,0, 0,0,0) 
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MULTI-STEP  VARIA8LE  REDUCTION  NUMBER  PROBLEM 


CLASS  BI  — 1/2,  l — H  MARS-OPT 


1 

DVOPT 
•  ROPT ( 

=  0 
L, 

.18552E  02 

1  )=  0 . 20  78E 

02 

9 

DVOPT  =  0 
ROPTI  9, 

. 4  150 IE  01 

I)3  0.2073E 

02 

ROPTI  9, 

2  ) 3  0.2498E 

02 

2 

DVOPT 

3  0 

.609L3E  01 

ROPTI  9, 

3  ) 3  0.3399E 

02 

f 

ROPT( 

2, 

1)  = 

0.2073E 

02 

ROPTI  9, 

4 ) 3  0.4661E 

02 

ROPTI 

2, 

2 )  3 

0.7604E 

02 

ROPTI  9, 

5  ) 3  0.6403E 

02 

ROPTI  9, 

6 ) 3  0.8865E 

02 

DVOPT 

3  0 

.45852E  01 

ROPTI  9, 

7 ) 3  0.1223E 

03 

ROPT  ( 

3, 

l)  = 

0.2078E 

02 

ROPTI  9, 

8 ) 3  0.1685E 

03 

ROPTI 

3, 

2 )  = 

0.4721E 

02 

ROPTI  9, 

9 ) 3  0.2328E 

03 

ROPTI 

3, 

3 )  = 

0. 1229E 

03 

10 

DVOPT3  0 

. 42349E  01 

4 

OVOPT 

3  0 

.41508E  01 

ROPTI 10, 

1>3  0.2078E 

02 

ROPTI 

4, 

l)  = 

0.2078E 

02 

ROPTI 10, 

2 ) 3  0.2438E 

02 

ROPTI 

4, 

2 )  = 

0.3700E 

02 

ROPTI 10, 

3 ) 3  0.3219E 

02 

ROPTI 

A, 

3 )  = 

0.7604E 

02 

ROPTI 10, 

4 ) 3  0.4300E 

02 

ROPTI 

4, 

4)3 

0.1565E 

03 

ROPTI 10, 

5 ) 3  0.5742E 

02 

ROPTI 10, 

6 ) 3  0.7664E 

02 

5 

DVOPT 

3  0 

. 40102E  01 

ROPTI 10, 

7)-  0.1019E 

03 

ROPTI 

5, 

1  )* 

0.2073E 

02 

ROPTI 10, 

8)-  0.1355E 

03 

ROPTI 

5, 

2 )  3 

0.3219E 

02 

ROPTI 10, 

9 ) 3  0.1806E 

03 

ROPTI 

5 , 

3 )» 

0.5682E 

02 

ROPTI 10, 

10)-  0.2406E 

03 

ROPTI 

5, 

4)» 

0.1013E 

03 

ROPTI 

5, 

5)- 

0.1806E 

03 

11 

DVOPT-  0 

•43253E  01 

ROPTI ll, 

I)3  O.2078E 

02 

6 

OVOPT 

*  0 

. 39854E  01 

ROPTI 11, 

2)*  0.2373E 

02 

ROPTI 

6, 

l)3 

0.2078E 

02 

ROPT Ill, 

3)-  0.3099E 

02 

ROPTI 

6, 

2)* 

0.2919E 

02 

ROPT (11, 

4)-  0.4000E 

02 

ROPTI 

6, 

3 )  3 

0.4721E 

02 

ROPT (11, 

5 ) 3  0.5201E 

02 

ROPTI 

6  9 

4  ) 3 

0.7604E 

02 

ROPT (11, 

6 ) 3  0.6763E 

02 

ROPTI 

6, 

5  )  3 

0.1229E 

03 

ROPTI 11, 

7 )*  0.8745E 

02 

ROPTI 

69 

6 ) 3 

0.1986E 

03 

ROPTI 11, 

8)-  0.U33E 

03 

ROPTI 11, 

9 )3  0.1469E 

03 

7 

OVOPT 

*  0 

.40156E  01 

ROPTI 11, 

10)-  0.1908E 

03 

ROPTI 

7, 

1)* 

0.2078E 

02 

ROPTI 11, 

ll)«  0.2472E 

03 

ROPTI 

7, 

2)* 

0.2739E 

02 

ROPTI 

7, 

3 )  = 

0.4120E 

02 

12 

DVOPT3  0 

. 44187E  01 

ROPTI 

7, 

4)« 

0.6222E 

02 

ROPTI 12, 

I)3  0.2078E 

02 

ROPtl 

7, 

5 ) 3 

0.9406E 

02 

ROPTI 12, 

2)-  0.2318E 

02 

ROPTI 

7, 

6 ) 3 

0.1415E 

03 

ROPT 1 12, 

3 )3  0.2919E 

02 

ROPTI 

7  9 

7 ) 3 

0.2130E 

03 

ROPT ( 12 , 

4 ) 3  0.3700E 

02 

ROPT ( 12 , 

5)*  0.4721E 

02 

8 

OVOPT 

*  0 

.40748E  01 

ROPTI 12, 

6 )3  0.5982E 

02 

ROPTI 

a, 

1>3 

0.2078E 

02 

ROPTI 12, 

7 )*  0.7604E 

02 

ROPTI 

3, 

2 ) 3 

0.2619E 

02 

ROPTI 12, 

8 ) 3  0.9646E 

02 

ROPTI 

8, 

3 ) 3 

0.3760E 

02 

ROPTI 12, 

9 ) 3  0.1229E 

03 

ROPTI 

8, 

4 ) 3 

0.5382E 

02 

ROPTI 12, 

10>3  0.1559E 

03 

ROPTI 

8, 

5 ) 3 

0.7664E 

02 

ROPTI 12, 

111-  0.1986E 

03 

ROPTI 

8, 

6)  3 

0. 1097E 

03 

ROPTI 12, 

12 )3  0.2526E 

03 

ROPTI 

8, 

7 )  = 

0.1571E 

03 

ROPTI 

8, 

8 ) 3 

0.2244E 

03 
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13 

DVOPT  =  0 

.45138E  01 

15 

DVOPT*  0 

.4 7056E  01 

RCPT (  13, 

1  )  = 

0.2078E 

02 

ROPT( 15, 

11* 

0.2078E 

02 

RGPrtlJ, 

21* 

0.2258E 

02 

ROPT( 15, 

21  = 

0.2198E 

02 

ROPH  13. 

31  = 

0.2799E 

02 

ROPT ( 15, 

31  = 

0.2679E 

02 

ROPT (  13, 

41  = 

0.3459E 

02 

ROPT( 15, 

41  = 

0.3219E 

02 

ROPH  13, 

51* 

0.4300E 

02 

ROPT (15, 

51  = 

0.3880E 

02 

ROPT< 13, 

61  = 

0.5392E 

02 

ROPT( 15, 

61* 

0.4721E 

02 

RCPT ( 13 t 

71  = 

0.6703E 

02 

ROPT( 15, 

7 )  = 

0.5742E 

02 

ROP  T ( 13, 

8  )  - 

0.3385E 

02 

ROPT( 15, 

81  = 

0.6943E 

02 

ROPT (13. 

9)  = 

0.  1049E 

03 

ROPT( 15, 

91  = 

0.33850 

02 

ROPT ( 13, 

101  = 

0.1313E 

03 

ROPT (15, 

101  = 

0.1019E 

03 

RCPT ( 13, 

111  = 

0. 1643E 

03 

ROPT( 15, 

111* 

0.1235E 

03 

ROPT ( 13, 

121  = 

0.2052E 

03 

ROPTI 15, 

121  = 

0. 1493E 

03 

ROPT ( 13, 

131  = 

0 .  2568E 

03 

ROPTI 15, 

131  = 

0.1806E 

03 

ROPTI 15, 

141  = 

0.2190E 

03 

14 

DVOPT*, 0 

•46097E  01 

ROPT( 15, 

151  = 

0.2652E 

03 

ROP  T ( 14, 

11  = 

0.2078E 

02 

ROP  T ( 14, 

21  = 

0.2258E 

02 

ROPH  14, 

31  = 

0.2739E 

02 

ROPT ( 14, 

41* 

0.3339E 

02 

ROPT( 14, 

51* 

0.4120E 

02 

ROPT( 14, 

61  = 

0.508  IE 

02 

ROP! ( 14, 

71  = 

0.6222E 

02 

ROPT( 14, 

81* 

0.7664E 

02 

ROPT( 14, 

91* 

0.9406E 

02 

ROPT (14, 

101* 

0.1157E 

03 

ROPT( 14, 

111* 

0.1421E 

03 

ROPT ( 14, 

121* 

0.1745E 

03 

ROPT ( 14 , 

131* 

0.2142E 

03 

ROPT (  14, 

141  = 

0.2622E 

03 

T 1  M£  FROM  PERI-APSIS  IN  MINUTES 


CLASS  BI-- 

1/2 

,1 — H  MARS-OPT 

6 

N 

1 

2 

CORRECTION 

RANGE 

0.2078E  02 
0.2919E  02 

STEPS 

TIME 

DELTA-TIME 

0.3864E 

0.5573E 

03 

03, 

0.3864E  03 
0.1709E  03 

3 

0.472  IE 

02 

0.9278E 

03 

0.3705E  03 

4 

0.7604E 

02 

0.1528E 

04 

0.5999E  03 

5 

0.1229E 

03 

0.251  IE 

04 

0.9835E  03 

6 

0.1986E 

03 

0.4110E 

04 

0.1598E  04 

0 

0.321  IE 

03 

0.6708E 

04 

0.0 
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MULTI-STEP  VARIABLE 

REDUCTION 

NUMBER  PROBLEM 

CLASS  61  — 1/2,1—  H 

MARS- 

CLOSE 

1  DVOPT*  0.46981E 

ROPTI  l.  13  =  0. 

03 

1781E  01 

9  DVOPT*  0. 

ROPT(  9, 

59807E  01 

13  =  0.1781E 

01 

2  DVOP  T  =  0.30654E 

_0 1 _  . 

ROPT (  9, 
ROPT (  9. 

2 )  * 
3  3  = 

0.2420E 

0.4336E 

01 

01 

RCPTI  2,  13*  0.1781E  01  R0PT(  9,  43  =  0.7529E  01 


ROPT  ( 

JLx. 

2 ) =  0.1711E 

02 

ROPTI  9,  53=  0.1392E 

02 

ROPTI  9,  63=  0.2605E 

02 

3 

DVOPT 

-  0 

. 1 3474E  02 

ROPTI  9,  73*  0.4904E 

02 

ROPT  ( 

3, 

13  =  0.1781E 

01 

ROPTI  9,  83=  0.9183E 

02 

ROPT  ( 

_J_L 

2 ) =  0.6251E 

01 

ROPTI  9,  93*  0.1717E 

03 

ROPT  I 

3, 

3 ) =  0.4521E 

02 

10 

DVOPT*  0.59065E  01 

4 

DVOPT 

=  0 

.93273E  01 

ROPT 1 10 »  13*  0.1781E 

01 

ROPT  ( 

4, 

13  =  0.1781E 

01 

ROPT 1 10 »  23=  0.2420E 

01 

ROPT! 

4, 

2 )=  0.4336E 

01 

ROPTIIO,  33*  0.3697E 

01 

ROPT  I 

3 ) =  0.1775E 

02 

ROPTI  10,  43=  0.6251 E 

01 

ROPT  ( 

4, 

4 ) =  0.7650E 

02 

ROPTIIO,  53*  0.1072E 

02 

ROPTIIO,  63*  0.1902E 

02 

5 

DVOPT 

*  0 

. 76577E  01 

ROPTIIO,  73*  0. 337 IE 

02 

ROPT  ( 

5, 

1)*  0.1781E 

01 

ROPTIIO,  83=  0.5990E 

02 

ROPT  ( 

5, 

2 ) =  0.3058E 

01 

ROPTIIO,  91*  0.1052E 

03 

ROPT  ( 

5. 

3 ) =  0.9445E 

01 

ROPTIIO, 103*  0.1838E 

03 

ROPT  ( 

5, 

43=  0.3116E 

02 

ROPT  ( 

5, 

53=  0.1008E 

03 

11 

DVOPT*  0.58782E  01 

ROPT Ill,  13*  0.1781E 

01 

6 

OVOPT 

*  0 

.  68582E  01 

ROPT III,  23*  0.2420E 

01 

ROPT  ( 

6, 

13=  0.1781E 

01 

ROPT III,  33*  0.3697E 

01 

ROPT  ( 

6  » 

23*  0.2420E 

01 

ROPT III,  43*  0.5613E 

01 

ROPT  ( 

6, 

33*  0.5613E 

01 

ROPT  III,  53*  0.9445E 

01 

ROPT  ( 

6, 

43=  0.1519E 

02 

ROPT Ill,  63=  0.1583E 

02 

ROPT  ( 

6 1 

5  3  *  0.4265E 

02 

ROPT III,  73*  0.2605E 

02 

ROPT  ( 

6, 

6  3 *  0.1174E 

03 

ROPT  III,  83=  0.4329E 

02 

ROPT Ill,  93*  0.7203E 

02 

7 

OVOPT 

*  0 

.63718E  01 

ROP  T I  1 1 , 10  )*  0.1187E 

03 

ROPT! 

7, 

13*  0.1781E 

01 

ROPT (11,113*  0.1953E 

03 

ROPT  ( 

7, 

2 ) 3  0.2420E 

01 

ROPT  ( 

7, 

3  3 *  0.4974E 

01 

12 

DVOPT*  0.58770E  01 

ROPT  ( 

7, 

4  3  *  0.1136E 

02 

ROPTI 12  ,  13*  0. 1781 E 

01 

ROPT  ( 

7, 

5  3  *  0.2669E 

02 

ROPT 1 12 ,  23*  0.2420E 

01 

ROPT! 

7, 

63*  0.6181E 

02 

ROPT I  12 ,  33*  0.3697E 

01 

ROPTI 

7, 

73*  0.1410E 

03 

ROPTI 12,  43=  0.5613E 

01 

ROPT 1  12 ,  53*  0.8806E 

01 

3 

OVOPT 

*  0 

.61158E  01 

ROPT 1 12 ,  63*  0.1392E 

02 

ROPTI 

3. 

13*  0.1781E 

01 

ROPT I  12  ,  73*  0.2222E 

02 

ROPTI 

8. 

23*  0.2420E 

01 

ROPTI 12,  83*  0.3499E 

02 

ROPTI 

8, 

33*  0.4336E 

01 

ROP T 1 1 2 »  93*  0.5479E 

02 

ROPTI 

8, 

43*  0.8806E 

oi 

ROPT (12,103=  0.8544E 

02 

ROPTI 

0. 

5  3*  0.1839E 

02 

ROPT (12,113*  0.1327E 

03 

ROPTI 

8, 

63*  0.3818E 

02 

R0Pf(i2,l2>=  0.2061E 

03 

ROPTI 

3. 

73=  0.7842E 

02 

ROPTI 

8, 

83*  0.1589E 

03 
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13 

DVOPT  =  0.53987E  01 

15 

DVOPT=  0 

. 59659E  01 

ROPT (13.  11= 

0.  1781E 

_oi_ 

ROPTI 15, 

1)  = 

0.1781E 

01 

ROPT (13,  2 ) * 

0.2420E 

01 

ROPTI 15, 

2  )  = 

0.2420E 

01 

ROPT ( 1 3 •  3)  = 

0. 3697E 

01 

ROPTI 15, 

3 )  = 

0.3058E 

01 

ROPT ( 1 3 »  4 ) = 

0.5613E 

01 

ROPTI 15, 

4  )  = 

0.4336E 

01 

ROPT ( 1 3 »  5)* 

0.8167E 

01 

ROPTI 15, 

5 )  = 

0.6251E 

01  . 

ROPT ( 1 3 »  6 ) - 

0.1200E 

02 

ROPTI 15, 

6 )  = 

0.8806E 

01 

ROPT ( l 3 •  71* 

0. 1339E 

02 

ROPTI 15, 

7 )  = 

0.  1264E 

02 

ROPT (13,  8 ) - 

0.2797E 

02 

ROPTI 15, 

8 )  = 

0.  1839E 

02 

ROPT 113,  9 ) = 

0.4202E 

02 

ROPTI 15, 

9 )  = 

0.2669E 

02 

ROPTI 13*10)= 

0.6309E 

02 

ROPTI 15, 

10)  = 

0.3818E 

02 

ROPTI 13,11)= 

0.9502E 

02 

ROPTI 15, 

ID* 

0.5479E 

02 

ROPTI 13»12)= 

0.  1429E 

03 

ROPTI 15, 

12)  = 

0.7842E 

02 

ROPTI 13,131= 

0.2138E 

03 

ROPTI 15, 

13)  = 

0.1U6E 

03 

ROPTI 15, 

14)  = 

0.1589E 

03 

1 A 

OVOPT=  0.59272E  01 

ROPT I  15, 

15)  = 

0.2259E 

03 

ROPT I  14 ,  l>  = 

0.1781E 

01 

ROPT 1 14 ,  2)* 

0.2420E 

01 

ROPT 1 14,  31  = 

0.3058E 

01 

ROPT I  14 ,  4 )  = 

0.4336E 

01 

ROPT ( 14 ,  5)* 

0.6251E 

01 

ROPT 114,  6 ) = 

0.9445E 

01 

ROPT 1 14 ,  7 )  = 

0.1392E 

02 

ROPT I  14 ,  81  = 

0.2094E 

02 

ROPT 1 14 ,  9 )* 

0.3116E 

02 

ROPTI 14,10)* 

0.4649E 

02 

ROPT(14,ll)= 

0.6884E 

02 

ROPTI 14,12)= 

0.1014E 

03 

ROPTI 14,13)= 

0.1487E 

03 

ROPT 114,14)= 

0.2183E 

03 

TIME  FROM  PERI-APSIS  IN  MINUTES 


CLASS  B I  — 1/2  >  1— H  MARS-CLOSE 


12 

N 

CORRECTION  STEPS 

RANGE  TIME 

DELTA-TIME 

1 

0.1781E 

01 

0.1889E 

02 

0.18S9E 

02 

.  7  "  L'“. 

2 

0.2420E 

01 

0.2987E 

02 

0.1098E 

02 

L 

3 

0.3697E 

01 

0.5122E 

02 

0.2135E 

02 

,  v  *'  fir  •'  ’ 

4 

0.5613E 

01 

0.8410E 

02 

0.3289E 

02 

.  ' 

5 

0.8806E 

01 

0.1415E 

03 

0.5740E 

02 

6 

0.1392E 

02 

0.2377E 

03 

0.9622E 

02 

. 

7 

0.2222E 

02 

0.4002E 

03 

0.1625E 

03 

8 

0.3499E 

02 

0.6575E 

03 

0.2573E 

03 

•>  "i 

9 

0.5479E 

02 

0.1064E 

04 

0.4067E 

03 

•  A  '■ 

10 

0.8544E 

02 

0.1702E 

04 

0.6382E 

03 

11 

0.1327E 

03 

0.2695E 

04 

0.9926E 

03 

. 

12 

0.2061E 

03 

0.4247E 

04 

0.1551E 

04 

%  J  ^  i 

0 

0.3211E 

03  . 

0.6684E 

04 

0.0 
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MULTI-STEP  VARIABLE  REDUCTION  NUMBER  PROBLEM 
CLASS  EX - 0,0 - A  VENUS-OPT 


■1  DVOP  T  =  0. 82158  F.  01  9  DVOPT=  0.37910E  01 


ROPTI  1, 

13=  0.2178E 

02 

ROPTI  9, 

13=  0.2178E 

02 

ROPTI  9, 

23=  0.25466 

02 

2 

DVOPT=  0. 

40536E  01 

ROPTI  9, 

33=  0.3198E 

02 

ROPTI  2, 

13=  0.2178E 

02 

ROPTI  9, 

43=  0.4049E 

02 

ROPTI  2, . 

2.3 *  0.5749E 

02 

ROPTI  9, 

53=  0. 5097c 

02 

ROPTI  9, 

63=  0.6430E 

02 

3 

DVOPT *.  0. 

3  49  5  0  E  01 

ROPTI  9, 

73=  0.8130E 

02 

ROPTI  i, 

13=  0.2178E 

02 

ROPTI  9, 

83=  0.1026E 

03 

ROPTI  3, 

23=  0.4077E 

02 

ROPTI  9, 

93=  0.1295E 

03 

ROPTI  3, 

33=  0.8159E 

02 

10 

DVOPT=  0 

.  39036E  01 

4 

DVOP  T.=  0. 

33861E  01 

ROPTI  10, 

13=  0.217AE 

02 

ROPTI  4, 

13=  0.2178E 

02 

ROPTI  1C, 

23=  0.2490E 

02 

ROPTI  A, 

23*  0.3425E 

02 

ROPTI 10, 

33=  0.3057E 

02 

ROPTI  4, 

33=  0.5778E 

02 

ROPTI 10, 

43=  0.3765E 

02 

ROPTI  4, 

43=  0.9717E 

02 

ROPTI 10, 

53=  0.4644E 

02 

ROPTI 1C, 

63=  0.5721E 

02 

5 

DVOP  T  =  0. 

, 34073E  01 

ROPTI 10, 

73=  0.7053E 

02 

ROPTI  5, 

1 3  =  0.2178E 

02 

ROPTllO, 

83=  0.8697E 

02 

ROPTI  5, 

23=  0.3085E 

02 

ROPTI  10, 

93=  0.1074E 

03 

ROPTI  5, 

33=  0.4672E 

02 

ROPTllO, 

103=  0.1326E 

03 

ROPTI  5, 

43*  0.7082E 

02 

RQRT.I  .5, 

53=  0.1077E 

03 

11 

DVOPT=  0 

•40165E  01 

ROPTI  11, 

13=  0.2178E 

02 

6 . _ 

DVQPI=  0. 

.34795E  01 

ROPTI 11, 

23=  0.2461E 

02 

ROPTI  6, 

13*  0.2178E 

02 

ROPTI 11, 

33=  0.2972E 

02 

ROPTI  6, 

23*  0.2858E 

02 

ROPTI 11, 

43=  0.3595E 

02 

ROPTI  6, 

33=  0.4049E 

02 

ROPTI 11, 

53=  0.4332E 

02 

__RQ.PI  l  6, 

43  =  0.5  74.9 E 

02 

.  ROPTI 11, 

63=  0.5239E 

02 

ROPTI  6, 

53*  0.8159E 

02 

ROPTI 11, 

73=  0.6345E 

02 

. ROPTI  6, 

63=  0..1156E 

03 

ROPTI 11, 

83=  0.7677E 

02 

ROPTI 11, 

93=  0.9264E 

02 

.7—.. 

..D.VOPT  =  0 

. 35745E  .01 

ROPTI  11, 

10)=  0.1119E 

03 

ROPTI  7, 

13*  0.2178E 

02 

ROPTI 11, 

113=  0.1352E 

03 

...  RJD.PT.. L..7j  . 

.21  =  0.2745E 

02 

ROPTI  7, 

33=  0.3680E 

02 

12 

DVOPT  =  0 

. 41287E  01 

.  ROPJ..I  — 7 

.43=  0.4956E 

02 

ROPTI 12, 

13=  0.2178E 

02 

ROPTI  7, 

53=  0.6685E 

02 

ROPTI 12, 

23=  0.2405E 

02 

..ROPJI  .  7, 

63=  0.9009E 

02 

ROPT (12, 

33=  0.2858E 

02 

ROPTI  7, 

73=  0.1213E 

03 

ROPTI 12, 

43=  0.3397E 

02 

ROPTI 12, 

53=  0.4049E 

02 

8 

DVOPT  =  0 

.  36803 E  01 

ROPTI 12, 

63=  0.4814E 

02 

..  RQP.TI  8, 

1.3=  0..2178E 

02 

ROPTI 12, 

73=  0 . 572  IE 

02 

ROPTI  8, 

23=  0.2632E 

02 

ROPTI 12, 

83=  0.6826E 

02 

...  ROPTI  8, 

33*  0..3425E 

02 

ROPTI 12, 

93=  0.8130E 

02 

ROPTI  8, 

43=  0.4446E 

02 

ROPTI  12, 

103=  0.9689E 

02 

R0PTL.8# 

5}=  0.5778E 

02 

ROPTI  12, 

113=  0.1153E 

03 

ROPTI  8, 

63=  0.7507E 

02 

ROPTI 12, 

123=  0.1374E 

03 

ROPTI  8, 

73=  0.9717E 

02 

ROPTI  8, 

83=  0 . 126  IE 

03 
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DVOP  T  =  0 

.423970  01 

15 

DVOPT  =  0 

. 44568E  01 

ROPT (13, 

. 13=  0.2178E 

02 

ROPTI  lb, 

13  = 

0.2178E 

02 

ROPTI 13, 

23=  0.2376E 

02 

ROPTI 15, 

23  = 

0.2348E 

02 

ROPT ( 13, 

33=  0.2802E 

02 

ROPTI 15, 

33  = 

0.2688E 

02 

ROPT 113, 

43=  0.3283E 

02 

ROPTI 15, 

43  = 

0.3085E 

02 

RQPT( 13, 

53=  0.3850E 

02 

ROPTI 15, 

53  = 

0.3539E 

02 

ROPT ( 13, 

63=  0.4531E 

02 

.  ROPT I  15, 

63  = 

0.4077E 

02 

ROPTI 13, 

73=  0.5324E 

02 

ROPTI 15, 

73  = 

0.4672E 

02 

ROPT( 13, 

83-  0.6260E 

02  ..  . 

ROPTI 15, 

83  = 

0.5381E 

02 

ROPTI 13, 

93=  0.7337E 

02 

ROPTI  15, 

93  = 

0.6174E 

02 

ROPTI 13, 

103=  0.8612E 

02 

ROPTI 15, 

103  = 

0.7110E 

02 

ROPTI 13, 

113=  0. 101  IE 

03 

ROPTI 15, 

113  = 

0.8159E 

02 

ROPTI 13, 

123=  0.1187E 

03  . . 

ROPTI 15, 

123  = 

0.9377E 

02 

.  ROPT (13, 

133=  0.1394E 

03 

ROPTI  15, 

133  = 

0. 1077E 

03 

ROPTI 15, 

143  = 

0.1238E 

03 

.  DVOPT  =-  0 

•43491E  01 

ROPTI 15, 

153  = 

0. 1422E 

03 

ROPTI 14, 

13=  0.2178E 

02 

ROPT 114, 

23=  0.2348E 

02 

ROPTI 14, 

33=  0.2717E 

02 

....  ROPT  1 14, 

41=  0.3142E 

02 

ROPTI 14, 

53=  0.3652E 

02 

ROPTI 14, 

63=  0.4247E 

02 

ROPTI 14, 

73=  0.4927E 

02 

ROPTI 14, 

83=  0.5721E 

02 

- 

ROPTI 14, 

93=  0.6656E 

02 

.  ..ROPT  1 14, 

103=  0.7733E 

02  ... 

. , 

. 

ROPTI 14, 

113*  0.8981E 

02 

...  ROPTI  14, 

123=  0.1043E 

03 

_ 

. 

ROPTI 14, 

133=  0.1213E 

03 

.  ROPT  (1.4, 

143=  0.1408E 

03 

. . 

_ ..TIME  FROM  PERI-APSIS  IN  MINUTES  .  . 

CLASS... EX 0,0 - A  VENUS-QP.T. 

A  CORRECTION  STEPS 


N... .. 

..  RANGE 

TIME 

DELTA-TIME 

1 

0.2178E 

02 

0.2905E 

03 

0.29C5E 

03 

2 

0.3425E 

02 

0.4679E 

03 

0. 1774E 

03 

3 

0.5778E 

02 

0.8061E 

03 

0.3382E 

03 

4 

0.9717E 

02 

0.1377E 

04 

0.57C9E 

03 

0 

0.1635E 

03 

0.2343E 

04 

0.0 
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MULTI-STCP  VARIABLE  REDUCTION  NUMBER  PROBLEM 
CLASS  EX - 0,0 - A  VENUS-CLOSE 


DVOPT 

=  0 

.89037E  02 

9 

DVOP  T  =  0 

. A9A07E  01 

ROPT  ( 

1. 

11=  0.2925E 

01 

ROPTI  9, 

l)=  0.2925E 

01 

ROPTI  9, 

2 ) =  0.3567E 

01 

DVQPT 

=  0 

« 1 33A5E  02 

ROPT l : 9, 

3 ) =  0.5A9AE 

01 

ROPT  ( 

2, 

L  > -  0.2925E 

01 

ROPTI  9, 

A ) =  0.8706E 

01 

ROP  T  { 

2, 

2 ) =  0.1802E 

02 

ROPTI  9, 

5 ) =  0.1A17E 

02 

ROPTI  9, 

6 ) =  0.2316E 

02 

DVOPT 

=  0 

.  773A3E  01 

ROPTI  9, 

7 ) =  0.3793E 

02 

ROPT  ( 

3, 

11=  0.2925E 

01 

ROPTI  9, 

8 ) *  0.6202E 

02 

ROPTI 

3, 

2 ) -  0.8706E 

01 

ROPTI  9, 

9 ) =  0.1009E 

03 

ROPf( 

3, 

3 ) =  0.3793E 

02 

10 

DVOPT-  0 

. A95A9E  01 

OVOPT 

=  0 

.61A38E  01 

ROPTI 10, 

1)  =  0.2925E 

01 

ROPTI 

A, 

1)  =  0.2925E 

01 

ROPTI 10, 

2 ) =  0.32A6E 

01 

ROPTI 

A  i 

21=  0.6136E 

01 

ROPTI 10, 

3 ) =  0.A852E 

01 

ROPTI 

A, 

3 ) =  0.1802E 

02 

ROPT I 10, 

A ) =  0.7A21E 

01 

ROPTI 

A, 

A ) =  0.5A63E 

02 

ROPTI 10, 

5 )  =  0.U60E 

02 

ROPT I  10, 

6 ) *  0.1802E 

02 

DVOPT 

=  0 

. 5A889E  01 

ROPTI 10, 

7 ) =  0.2797E 

02 

ROPTI 

5, 

11*  0.2925E 

01 

ROPT l 10, 

8 ) *  0.A371E 

02 

ROPTI 

5, 

2 ) *  0.A852E 

01 

ROPTI 10, 

9 ) =  0.6812E 

02 

ROPTI 

5, 

3)*  0.U60E 

02 

ROPTI 10, 

10)*  0.1057E 

03 

ROPTI 

5, 

A ) -  0.2797E 

02 

, 

ROPTI 

5, 

5 ) =  0.6780E 

02 

11 

DVOPT*  0 

. A9887E  01 

ROPTI 11, 

1)*  0.2925E 

01 

DVOPT 

=  0 

. 51775E  01 

ROPT Ill, 

2 ) =  0.32A6E 

01 

ROPTI 

6. 

l)  =  0.2925E 

01 

ROPTI 11, 

3 ) =  0.A531E 

01 

ROPTI 

6, 

21=  0.A210E 

01 

ROPTI 11, 

A ) =  0.6779E 

01 

ROPTI 

6, 

3 ) =  0.8385E 

01 

ROPTI 11, 

5)  =  0.9990E 

01 

ROPTI 

6, 

A ) =  0.1770E 

02 

ROPTI 11, 

6 ) =  0.1A81E 

02 

ROPTI 

6, 

5 ) =  0.3729E 

02 

ROPTI 11, 

7 ) =  0.2219E 

02 

ROPTI 

6, 

6 ) -  0.7840E 

02 

ROPTI  11, 

8 ) =  0. 33 1  IE 

02 

ROPTI 11, 

9 ) =  0.A949E 

02 

DVOPT 

=  0 

. 502A5E  01 

ROPTI  11, 

10)=  0.7390E 

02 

ROPTI 

7, 

1)  =  0.2925E 

01 

ROPTI 11, 

ll)=  0.1102E 

03 

ROPTI 

7, 

2 ) =  0.3888E 

01 

ROPTI 

7, 

3 ) =  0.7100E 

01 

12 

DVOPT=  0 

. 50367E  01 

ROPTI 

7, 

A ) =  0.1320E 

02 

ROPTI 12, 

1)=  0.2925E 

01 

ROPTI 

7, 

5 ) *  0.2A76E 

02 

ROPTI 12, 

2 ) =  0.32A6E 

01 

ROPTI 

7, 

6 ) =  0.A660E 

02 

ROPTI 12, 

3 ) =  0.A531E 

01 

ROPTI 

7, 

7)*  0.8739E 

02 

ROPTI 12, 

A ) =  0.6A58E 

01 

ROPTI  12, 

5 )=  0.9027E 

01 

DVOPT 

=  0 

. A9585E  01 

ROPTI 12, 

6 ) *  0.1288E 

02 

ROPTI 

8. 

1)*  0.2925E 

01 

ROPTI 12, 

7 ) =  0.1866E 

02 

ROPTI 

8, 

2 ) =  0.3567E 

01 

ROPTI 12, 

8 ) =  0.2701E 

02 

ROPTI 

8, 

3 ) =  0.5815E 

01 

ROPTI 12, 

9 ) =  0.3889E 

02 

ROPTI 

8, 

A ) =  0.9990E 

01 

ROPTI 12, 

10)=  0 . 559  IE 

02 

ROPTI 

8, 

5 ) =  0.1738E 

02 

ROPTI  12, 

ll)=  0.8000E 

02 

ROPTI 

a, 

6 ) =  0.305AE 

02 

ROPT I  12, 

12)=  0.11AAE 

03 

ROPT  I 

a, 

7 ) =  0.5367E 

02 

ROPTI 

8, 

8 ) =  0.938  IE 

02 
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13  DVGP  T  =  0.50953E  01  15 

ROP T (  13,  1)  =  0.2925E  01 
ROPTI 13,  2 ) =  0.3246E  01 
ROPT ( 13,  3 ) =  0.4210E  01 
ROPT (13,  4)  =  0.5815E  01 
ROPT ( 13,  5 ) =  0.8063E  01 
ROPTI 13,  6 ) =  0. 1127E  02 
ROPT ( 1 3 ,  7 ) =  0.1577E  02 
ROPT I  1 3,  8 ) =  0.2219E  02 
ROPT 113,  9 ) =  0.3087E  02 
ROPTI 13,10)=  0.4307E  02 
ROPT I  13,11)=  0.6009E  02 
ROPT (13,12)=  0.8385E  02 
ROPT(13,13)=  0.1173E  03 

14  DVOPT  =  0.51599E  01 
ROPTI 14,  1)=  0.2925E  01 
ROPT I  14,  2 ) =  0.3246E  01 
ROPT I  14,  3 ) =  0.4210E  01 
ROPT 114,  4 ) =  0.5494E  01 
ROPTI 14,  5 ) =  0 . 742  IE  01 
ROPT 114,  6 ) =  0.9990E  01 
ROPT (14,  7 ) =  0.1352E  02 
ROPT 1 14,  8 ) =  0.1834E  02 
ROPT I  14,  9 ) =  0.2508E  02 
ROPT (14,10)=  0.3440E  02 
ROPTI  14,  ll).=  0.4692E  02 
RQPT (14,12)=  0.6426E  02 
ROPTI 14, 13>=  0 . 877 IE  02 
ROPT (14,14)=  0.1198E  03 


DVOPT=  0.52295E  01 
ROPT (15,  1)=  0.2925E  01 
R0PTI15,  2 ) =  0.3246E  01 
R0PTI15,  3 ) =  0.4210E  01 
ROPT (15,  4 ) =  0.5494E  01 
ROPT (15,  5 ) =  0.7100E  01 
ROP T ( 1 5 ,  6)  =  0.9348E  01 
ROPT (15,  7 ) =  0.1256E  02 
ROPT (15,  8 ) =  0.1673E  02 
ROPT (15,  9 ) =  0.2219E  02 
ROPT(15,10)=  0.2958E  02 
ROPT (15,11)=  0.3954E  02 
ROPT (15, 12)=  0.5270E  02 
ROPT (15,13)=  0.7005E  02 
ROPT (15,14)=  0.9285E  02 
ROPTI 15, 15)=  0. 1234E  03 


TIME  FROM  PERI-APSIS  IN  MINUTES 

CLASS  EX— 0,0 - A  VENUS-CLOSE  . 

9  CORRECTION  STEPS 

N _  RANGE  .  TIME  DELTA-TIME 

1  0.2925E  01  0.3008E  02  0.30C8E  02 

2  0.3567E  01  0.3829E  02  0.8209E  01 

3  0.5494E  01  0.6313E  02  0.24e4E  02 

4  0.8706E  01  0.1056E  03  0.4248E  02 

5  0.1417E  02  0.1800E  03  0.7437E  02 

6  0.2316E  02  0.3055E  03  0.1255E  03 

7  0.3793E  02  0.5155E  03  0.2099E  03 

8  0.6202E  02  0.8619E  03  C.3464E  03 

9  0.1009E  03  0.1425E  04  0.5632E  03 

0  0.1635E  03  0.2337E  04  0.0 
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MULTI-STEP  VARIABLE  REDUCTION  NUMBFR  PROBLEM 
CLASS  IN - 0,0 - A  MARS-OPT-RETURN 


1  OVOPT=  0.19991E  02  9  DVOPT*  0.41847E  01 

RQPTt.l,  11  =  0.1319E  02  ROPTI  9,  1)=  0.1319E  02 

ROPTI  9,  2 ) =  0.1673E  02 

2  DVOPT*  0 .63232E  01  .  ROPTI  9,  31  =  0.2338E  02 

ROPTI  2,  1)=  0.1319E  02  ROPTI  9,  41  =  0.3268E  02 

ROPTI  2,  21  =  0.5306E  02  ROPTI  9,  51  =  0.4553E  02 

ROPTI  9,  6 ) =  0.6325E  02 

3  DVOPT=  0.470096  01  - ROPTI  9,  71*  0.8762E  02 

ROPTI  3,  11  =  0.1319E  02  ROPTI  9,  81=  0.1217E  03 

ROPTI  3,  2)*  0.3224E  02  . .  ROPTI  . 9, .  9) *  0.1691E  03 

ROPTI  3,  31=  0.8717E  02 

10  .  DVOPT=. 0.42666E  01 

4  OVOPT=  0.42291E  01  ROPTUO,  11=  0.1319E  02 

ROPTI  4,  11=  0.1319E  02  . ROPTUO,.  .21*.  0.1629E  02 

ROPTI  4,  21=  0.2515E  02  ROPTUO,  31*  0.2205E  02 

ROPTI  4,  31=  0.5306E  02  ROPTUO,  41=  0.2958E  02 

ROPTI  4,  41=  0.1115E  03  ROPTUO,  51=  0.3977E  02 

. -ROPTUO,  61=  0.5350E  02 

5  DVOPT=  0.40706E  01  ROPTUO,  71=  0.7211E  02 

ROPTI  5,  11*  0.1319E  02  _ _ ROPTUO^. 8.1*  0.96926  02 

ROPTI  5,  21=  0.2205E  02  ROPTUO,  91=  0.1301E  03 

ROPTI  5,  31*  0.3977E  02  .  RQPT UO, 101*  0. 1749E  03 

ROPTI  5,  41=  0.7211E  02 

ROPTI  5,  51=  0.13Q1E  03  U . DVOPT*  0.435A7E  01 

ROPT Ill,  11*  0.1319E  02 

6  DVOPT*  0.40354E  01  _ JR0P.IU1,  21*.  0.1585E  02 

ROPTI  6,  11*  0.1319E  02  ROPTCll,  31*  0.2072E  02 

ROPTI  6,  21=  0. 1984E  .02  ..„..R0PTU1,  41=  0.2692E . 02 

ROPTI  6,  31*  0.3268E  02  R0PTU1,  51*  0.3534E  02 

ROPTI  6,.41=  0.5350E  02. .  ROPTlli,  61=  0.4642E  02 

ROPTI  6,  5 ) = . 0 . 8762E  02  ROPTlli,  71=  0.6104E  02 

. ROPTI  6,  61=  0.1434E  03  .  _.  _RQP.Till,  fll*  0.8009E  02 

ROPT Ill,  91=  0.1049E  03 

7  DVOPT*  0.40587E  01  . .  ...RQPT U 1 , 10 1  =  0.1372E  03 

ROPTI  7,  11*  0.1319E  02  ROPTlli, 111*  0.1793E  03 

.  ROPTI. 7,  21=  0.1851E  02 

ROPTI  7,  31=  0.2825E  02  12  DVOPT=  0.44463E  01 
ROPTI  7,  41=  0.4332E  02  ROPT U 2,  11=  0.1319E  02 

ROPTI  7,  51=  0.6635E  02  ROPTI 12,  21*  0.1541E  02 

ROPTI  7,  61=  0.10146  03  ROPT 1 12,  31=  0.1984E  02 

ROPTI  7,  71=  0.1545E  03  ROPT (12,  41=  0.2559E  02 

■  -  ROPT 1 12,  51*  0.3268E  02 

8  DVOPT*  0.4U30E  01  ROPT  1 12,  61*  0.4199E  02 

ROPTI  8,  11=  0.1319E  02  . R0P.TU2.  71=  0.5350E  02 

ROPTI  8,  21=  0.1762E  02  ROPT (12,  81=  0.6857E  02 

ROPTI  8,  31=  0,25596  02  ROPT 1 12,  91=  0.8762E  02 

ROPTI  8,  41=  0.3711E  02  R0PT(12,10J*  0.U20E  03 

ROPTI  8,  51=  0.5350E  02  R0PTU2,ll)=  0.1434E  03 

ROPTI  8,  61=  0.77436  02  ROPTU2,12>=  0.1833E  03 

ROPTI  8,  71=  0.11206  03 

ROPTI  8,  81=  0.1620E  03 


i 
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DVOPT  =  0 

• 45399E  01 

15 

DVOPT  =  0 

•47291E  01 

R0PTI13, 

1)  =  0.1319E 

02 

ROPTI 15, 

l  )  = 

0.1319E 

02 

ROPT ( 13, 

2 ) =  0.1541E 

02 

ROPTI 15, 

2  )  = 

0.  1452E 

02 

ROPT( 13, 

3 ) =  0.1939E 

02 

ROPTI 15, 

3 )  = 

0.1762E 

02 

ROPT( 13, 

41=  0.2427E 

02 

ROPTI 15, 

4 )  = 

0.2161E 

02 

ROPTI 13, 

5 ) =  0.3047E 

02 

ROPTI 15, 

5  )  = 

0.2648E 

02 

ROPT (13, 

6 ) =  0.3844E 

02 

ROPTI 15, 

6  )* 

0.3224E 

02 

ROPT (13, 

7 ) =  0.4819E 

02 

ROPTI 15, 

7 )  = 

0.3933E 

02 

ROPT ( 13, 

8 ) =  0.6059E 

02 

ROPTI 15, 

8 )  = 

0.4819E 

02 

ROPTI 13, 

9 ) =  0.7610E 

02 

ROPTI 15, 

9 )  = 

0.5882E 

02 

ROPTI 13, 

101=  0.9559E 

02 

ROPTI 15, 

10 )  = 

0.7167E 

02 

ROPTI 13, 

11)=  0.1195E 

03 

ROPTI 15, 

ID* 

0.8717E 

02 

ROPTI 13, 

12)=  0.1496E 

03 

ROPTI 15, 

12)  = 

0.1062E 

03 

ROPTI 13, 

13)=  0.1873E 

03 

ROPTI 15, 

13)  = 

0.1297E 

03 

ROPTI 15, 

14 )  = 

0.  158  IE 

03 

DVOPT =  0 

.46343E  01 

ROPTI 15, 

15)* 

0.1926E 

03 

ROPTI 14, 

1>=  0.1319E 

02 

ROPT 1 14, 

2 ) *  0.1496E 

02 

ROPTI 14, 

3 ) =  0. 185  IE 

02 

ROPT 114, 

4 ) =  0.2294E 

02 

ROPTI 14, 

5 ) =  0.2825E 

02 

ROPTI 14, 

6)=  Q.3490E 

02 

ROPTI 14, 

7 ) =  0.4332E 

02 

ROPTI 14, 

8)=  0.5350E 

02 

ROPTI 14, 

9)*  0.6591E 

02 

ROPT 114, 

10)*  0.8142E 

02 

ROPTI 14, 

ID*  0.1005E 

03 

ROPTI 14, 

12)*  0.1244E 

03 

ROPTI 14, 

13)*  0.1536E 

03 

ROPTI 14, 

14)=  0.1900E 

03 

TIME  FROM  PERI-APSIS  IN  MINUTES  _ _ 

.  XL  ASS.. . .  I  . MARS-OPT-RE IURN . . . 

6  CORRECTION  STEPS 


.  _ 

_ RANGE _ 

. TIME 

. .  _ 

DELTA-TIME 

l 

0.1319E  02 

0.1388E 

03 

0.138BE 

03 

2- 

O.1984E02 

. 0.2138E 

03 

0.7499E 

02 

3 

0.3268E  02 

0.3604E 

03 

0.1466E 

03 

_ 4. 

— 0.5l15QE_  02. 

..  0.AOO2E 

03 

0.2397E 

03 

5 

0.8762E  02 

0.9953E 

03 

0.3951E 

03 

.  6._. 

0.L434E  03 

0.1644E 

04 

0.6491E 

03 

0 

0.2347E  03 

0.2708E 

04 

0.0 

245 


(U/Phyo/63-5,6 


MULTI-STEP  VARIABLE  REDUCTION  NUMBER  PROBLEM 
CLASS  IN - 0,0 - A  MARS-CLOSE-RETURN 


DVOPT 

=  0 

.20375E  03 

9 

DVOPT*  0 

• 5A207E  01 

ROPT  ( 

1, 

L)  = 

0.2197E 

01 

ROPTI  9, 

l)r  0.2197E 

01 

ROPTI  9, 

2  )  =  0.2662E 

01 

DVOPT 

=  0 

•20187E  02 

ROPTI  9, 

3 )  =  0.A522E 

01 

ROPTI 

2, 

D  = 

0.2197E 

01 

ROPTI  9, 

4 ) *  0.7777E 

01 

ROPTI 

2. 

2 )  = 

0.1708E 

02 

ROPTI  9, 

51=  0.1382E 

02 

ROPTI  9, 

6>*  0.2A52E 

02 

DVOPT 

=  0 

. 1019AE  02 

..  ROPTI  9, 

7)*  0.A312E 

02 

ROPTI 

3, 

l  )  = 

0.2197E 

01 

ROPTI  9, 

8)*  0.7613E 

02 

ROPTI 

3, 

2  )  = 

0.7312E 

01 

ROPTI  9, 

9 ) =  0.1338E 

03 

ROPTI 

3, 

3 )  = 

0.A126E 

02 

_ 

10 

DVOPT*  0 

.53934E  01 

DVOPT 

=  0 

• 75625E  01 

ROPTI 10, 

1)*  0.2197E 

01 

ROPTI 

A, 

1)  = 

0.2197E 

01 

ROPT 110, 

2)*  0.2662E 

01 

ROPTI 

A, 

2 )  = 

0.A522E 

01 

ROPT 1 10, 

3)*  0.A057E 

01 

ROPTI 

A, 

3 )  = 

0. 166  IE 

02 

ROPT 1 10, 

A)*  0.6382E 

01 

ROPTI 

A, 

A )  = 

0.626SE 

02 

ROPT 110, 

5)*  0.1057E 

02 

ROPTI 10, 

6)*  0.175AE 

02 

OVOPT 

=  0 

.64795E  01 

ROPTI 10, 

7)*  0.2963E 

‘.ij 

ROPTI 

5, 

1)* 

0.2197E 

01 

.  ROPTilO, 

8 ) *  0.A963E 

02 

ROPTI 

5, 

2 )  = 

0.3592E 

01 

ROPTI 10, 

9)*  0.8357E 

02 

ROPTI 

5, 

3)* 

0.9637E 

01 

ROPT 110, 

10)*  0.1403E 

0?, 

ROPTI 

5, 

A)* 

0.2777E 

02 

ROPTI 

5, 

5 ) * 

0.8125E 

02 

11 

DVOPT*  0 

. 53982E  01 

ROPTI 11, 

D*  0.2197E 

01 

DVOPT 

=  0 

•59A39E  01 

ROPT 111, 

2)*  0.2662E 

01 

ROPTI 

6. 

u* 

0.2197E 

01 

ROPTI 11, 

3)*  0.A057E 

01 

ROPTI 

6, 

2 )  * 

0. 3127E 

01 

ROPTI  11, 

A)-  0.6382E 

01 

ROPTI 

6, 

31* 

0.68A7E 

01 

ROPTI 11, 

5)*  0.1010E 

02 

ROPTI 

6, 

4)  = 

0.1661E 

02 

ROPT 111, 

6)*  0.1568E 

02 

ROPTI 

6  v 

5)*. 

0.A033E 

02 

ROPT 111, 

7)*  0.2A52E 

02 

ROPTI 

6, 

6 )  = 

0.9752E 

02 

.  ROPT 111, 

8)*  0.38A7E 

02 

ROPTI ll. 

9)*  0.6079E 

02 

DVOPT 

=  0 

.56655E  01 

ROPT I 11, 

10)*  0.9566E 

02 

ROPTI 

7, 

1  )* 

0.2197E 

01 

ROPT (11, 

ID*  0. 1501E 

03 

ROPTI 

7, 

2)* 

0.2662E 

01 

ROPTI 

7, 

3 )  * 

0.5A52E 

01 

12 

DVOPT*  0 

. 5 A2A6E  01 

ROPTI 

7, 

A )  = 

0.1150E 

02 

R0PJ112. 

..!)*  0,2197E 

01 

ROPTI 

7, 

5)* 

0.2A52E 

02 

ROPTI 12, 

2)*  0.2662E 

01 

ROPTI 

7, 

6)* 

0.52A2E 

02 

ROPTI 12, 

3)*  0.3592E 

01 

ROPTI 

7, 

7)* 

0.1110E 

03 

ROPT 1 12, 

A)*  0.5A52E 

01 

ROPT 1 12, 

5)*  0.82A2E 

01 

DVOPT 

*  0 

.  5A999E  01 

ROPTI 12, 

6)*  0.12A3E 

02 

ROPTI 

8, 

d* 

0.2197E 

01 

ROPTI 12, 

7)*  0.189AE 

02 

ROPTI 

8, 

2)* 

0.2662E 

01 

ROPTI 12, 

8)*  0.2870E 

02 

ROPTI 

8, 

3)* 

0.A522E 

01 

ROPT 1 12, 

9)*  0.A358E 

02 

ROPTI 

8, 

A 1  * 

0.8707E 

01 

ROPTI 12, 

10)*  0.6637E 

02 

ROPTI 

8, 

5)* 

0. 1661E 

02 

ROPTI 12, 

ID*  0.1012E 

03 

ROPTI 

8, 

6 )  = 

0.32A2E 

02 

ROPTI 12, 

12)*  0.1543E 

03 

ROPTI 

8, 

7)* 

0 1.  63 1 1 E 

02 

ROPTI 

8, 

8 )  = 

0.1217E 

03 
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OVOPT  =  0 

. 54622E  01 

15 

DVOP  T  =  0 

. 5567 IE  01 

_ R0PT113, 

i)  =  0.2197E 

01 

ROPTl 15, 

1)=  0.2197E 

01 

ROPT( 13, 

2 ) =  0.2662E 

01 

ROPTl 15, 

2 )=  0.2662E 

01 

ROPTl 13, 

3  )  =  0.3592E 

01 

ROPTl 15, 

3 ) =  0.3592E 

01 

ROPT ( 13, 

4 ) =  0.4987E 

01 

ROPTl 15, 

4 ) =  0.4987E 

01 

ROPTl 13, 

5 ) =  0.7312E 

01 

ROPTl 15, 

5 ) =  0.6847E 

01 

ROPT( 13, 

6 ) =  0.1057E 

02 

ROPTl 15, 

6 ) =  0.9637E 

01 

ROPT (13, 

7 ) =  0.1568E 

02 

ROPT 115, 

7 ) =  0.1336E 

02 

ROPTl 13, 

B ) =  0.2312E 

02 

ROPT 115, 

8 ) =  0.1847E 

02 

ROPT ( 13, 

9 ) =  0.3428E 

02 

ROPTl 15, 

9 ) =  0.2545E 

02 

ROPTl 13, 

10J=  0.5056E 

02 

ROPTl 15, 

10)=  0.3521E 

02 

ROPTl 13, 

11)=  0.7427E 

02 

ROPTl 15, 

ll)=  0.4823E 

02 

ROPTl 13, 

12)=  0.1091E 

03 

ROPTl 15, 

12)=  0.6637E 

02 

ROPTl 13, 

13)=  0.1603E 

03 

ROPTl 15, 

13)=  O.^IOIE 

02 

ROPTl 15, 

14)=  0.1250E 

03 

.  DVQPT=  0 

. 55105E  01 

ROPTl 15, 

15)=  0.17156 

0'< 

ROPTl 14, 

1)=  0.2197E 

01 

ROPTl 14, 

2 ) =  0.2662E 

01 

ROPTl 14, 

3 ) =  0.3592E 

01 

.  ROPT ( 14, 

4 ) =  0.4987E 

01 

ROPTl 14, 

5 ) =  0.6847E 

01 

ROPT l 14, 

6)=  0.9637E 

01 

ROPTl 14, 

7 ) =  0.1382E 

02 

ROPTl 14, 

8)*  0.1987E 

02 

ROPTl 14, 

9 ) =  0.2824E 

02 

.  ROPTl 14, 

10)=  0.4033E 

02 

ROPTl 14, 

111=  0.5753E 

02 

ROPT l 14, 

121=  0. 81 7  IE 

02 

ROPTl 14, 

13)=  0.1161E 

03 

ROPTl 14, 

14)=  0.1649E 

03 

_ LIME.  FROM  PERI-APSIS  IN  MINUTES 


_ CLASS  .  JN— Q,Q---A . MARS-CLQSE-RETURN 

10  CORRECTION  STEPS 


. -N ... 

.  ....  RANGE. 

TIME 

DELTA-TIME 

1 

0.2197E 

01 

0. 1781E 

02 

0.1781E 

02 

2 

0.2662E 

01 

0.2285E 

02 

0.5039E 

01 

3 

0.4057E 

01 

0.3770E 

02 

0.1485E 

02 

_ 4. ... 

.  0^63 82 E 

01 

0.6262E 

02 

0.2492E 

02 

5 

0.1057E 

02 

0. 1084E 

03 

0.458  IE 

02 

_ _ 6  . 

0  » 1 7  5.4  E 

02 

0. 1864E 

03 

0.77S8E 

02 

7 

0.2963E 

02 

0.3238E 

03 

0.1374E 

03 

..  .8 

0.4963E 

02 

0.5536E 

03 

0.22S8E 

03 

9 

0.8357E 

02 

0.9465E 

03 

0.3929E 

03 

..  10  ... 

0. 1403 E. 

.0.3 

0.1606E 

04 

0.6595E 

03 

0 

0.2347E 

03 

0.2706E 

04 

0.0 
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GRH  OUTBOUND  ERROR  ANALYSIS 

DIMENSION  PI (20) , RPER { 5 ) , T I TLE 1 12) 

DO  1  J*i,16  ..  . . . . . . . 

READ  INPUT  TAPE  2, 200, PI(J) 

200  FORMAT  (EIO.O)  . . . .  . .  „  . 

1  PI(J)=0.0174533*PI(J) 

COUNT=0.0  .  .  . 

120  READ  INPUT  TAPE  2 , 20 1 , ti , R I N , RPLAN, W 

201  FORMAT  (4E10.0)  .  . 

DUAL  =  0 . 0 

DELV=W*29.8  . . 

110  READ  INPUT  TAPE  2.222.VIN 
222  FORMAT  (£10.0) 

E0=( VIN*VIN)/2.0-G/RIN 

VINF2=2.0*EO  . 

RPER(  1)=2/.0*G/VINF2 

COUNT=COUNT  +  1.0  . . 

I F ( COUNT-8 . 012,2,3 

2  RPER(2)=1.1*RPLAN 
GO  TO  4 

3  RPER ( 2 ) =6690.0  . 

4  AO=G/( 2.0»E0) 

00  70  1=1,2 

READ  INPUT  TAPE  2, 202, TITLE 

202  FORMAT  C12A6)  .  . . .  . 

ECCO*( RPERI I ) /AO) +1.0 

BO=AQ*SORTF( ( ECCO»ECCO)-1. 0 1 
V0PER=SQRTF(G*(2.0/RPER(I )+1.0/A0) ) 

HO*VOPER*RPER(I)  . 

SBETAO=HO/CRIN*VIN) 

BETAQ=ASIN( SBETAO) 

CTHETA= { ( ( (H0*H0)/G)/RIN)-1.0)/ECC0 
STHETA  =  SORTF(  1 .  Q-  ( CTHETA*G.IHETA)  ) 

THETA0=AS IN ( S THETA ) 

IF(CTHETA)20,21,22 

20  THETA0=3. 14159265-THETAO 
GO  TO  22 

21  THETAO=l. 57079633 

22  FI0=1. 57079633 

WRITE  OUTPUT  TAPE  3, 301, TITLE 
301  FORMAT  ( IH2 , 9X , 23H0UTB0UND  ERROR  ANALYSIS, /I2A6, 
1/ 1 3X , 5HV0L/ W, 1 IX, 5HV0C/W, 1 1 X, 5H0ELRL , 1 IX, 5HDELRC ) 
00  5  J=l,  16 
VOL  =  DELV*COSF (PI  ( J)  ) 

VQC  =  DEL V*  S INFIPI(JJ)  . 

VVV*VOPER+VOL 

FI  =  FIO*-ATANFl  VOC/ VVV ) 

VOV=SQRTF(VVV*VVV«-VOC*VOC) 

ATRUMG*RPER(  I )  )/(RPER( I)*IV0V*V0V)-2.0»G) 
HTRU=RPER ( I ) *VOV*S INF ( F  I ) 

ETRU=G/(2.0«ATRU)  . 

BTRU=SQRTF(  { HTRU*HTRU  )  /  (  2. 0»ETRU)  ) 

ECTRU=SORTF( (BTRU*BTRU) /( ATRU»ATRU) +1 .0) 
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V3SGRTF(G*(2.0/RIN+1.0/ATRU) ) 

,  SBETA*HJRUV UUN*V  1 . 

BETA*ASIN(SBETA) 

OBETA=BETAO-BETA 

-  .-,XOHEGA=s(l  (t«TRU*«.TJUU/W/ftfiERlIJ.)^UOJ./.EC-TRU - 

CTHETA*<  (  (  (HTRU*HTRU)/G)/RIN)-1.0)  /ECTRU 

-  S  OME  G  A = SO  R  T  F..LUG=  iXQM  EGA*  COMEG  Al)_ . . . . 

STHETA=SQRTF( 1.0-(CTHETA*C THETA) ) 

OMEGA-.AS  I N  l  SOMEGAi. . . . . . . . . . 

THETA=AS1N(STHETA) 

IF(CTHETA) 11,12,13 - - - . -  - . 

11  THETA* 3. 14159265-THETA 

GO  TO  13 . . . .  .  ... 

12  THETA*1. 57079633 

13  1FIV0C16, 7,B . 

6  DTHETA=THETAO-OMEGA-THETA 

ANGLE=OBETA+DTHEIA . . 

GO  TO  9 

7  DTHETA=THET AO- THETA 
ANGLE=DBETA*DTHETA 

GO  TO  9  . 

8  OTHET A=THETAO+QMEGA-THETA 

ANGLE  =  DBET  At  Q.THE.T.  A..„  - . . . . 

9  VOLL*V*COSF( ANGLE )-V  I N 

VQCC*V*SINF1 ANGLEl . . . 

DELRL=(RIN*(COSF(DTHETA)-l.O) )/RPLAN 

OELRC*  1  RIN*.SINF.l.OTHErAJ..l/(lP.LAN .  .  .... 

VOCCN*VOCC/DELV 

.  VOLLN*VQLL/D£LV _  _ _ _ _ 

5  WRITE  OUTPUT  TAPE  3,302,V0LLN, VOCCN.DELRL .DELRC 

302  FORMAT  ( 10X.E11.4, 315X.E1 1.4) ) . 

70  CONTINUE 

DUAL3DUAL  ♦.  1 .0  . . . . 

I F ( DUAL- 4 .0)110,120,120 

.  END 1 1 , 0 , 0 ,0 , 0 .Q.1,0, 0 jl.Q, Q*£UO*0 )_ . 
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CLASS 

B I  —  L  /  2 

,  1— H 

VENUS 

-OP  T-RETURN 

VOL/W 

voc/w 

DELRL 

DELRC 

0.1344E 

01 

0.6834E 

00 

-0 . 6664E-02 

0. 1476E 

01 

0.  1 161E 

01 

0.1037E 

01 

-0.1891E-01 

0.2436E 

01 

0.94730 

cc 

0.1  1'33E 

01 

-0.2327E-01 

0.2753E 

01 

0.6701E 

00 

0.1199E 

01 

-0 . 2478E-0 1 

0.2346E 

01 

0. 18020 

-03 

0.9373E 

00 

-0. 1831E-01 

0.2447C 

01 

-0.6746E 

00 

0.5093E 

00 

-0 . 5759E-02 

0. 1372E 

Cl 

-0.9568E 

00 

0.20 52E- 

00 

-0 . 1345E-02 

0.6623E 

00 

-0. LL75E 

01 

-0.1032E- 

■00 

-0 . 2923E-04 

-0.9663E 

-01 

-0. 1364E 

01  / 

-0.7035E 

CO 

-0. 7803E-C2 

-0. 1597E 

01 

-0.1164E 

01 

-0.1089E 

01 

-0 . 2038E-0 1 

-0.2591E 

01 

-0.9672E 

oc 

-0.1132E 

01. 

-0 . 2463E-0 l 

-0.2333E 

01 

-0.6836E 

00 

-0.1 195E 

01 

-0 . 2570E-0 1 

-0.2398E 

01 

0. 26  1  OF 

-03 

-0.9825E 

00 

-0. 1819E-01 

-0.2433E 

01 

0.6789E 

00 

-0.5095E 

00 

-0.5541E-02 

-0. 1346E 

01 

0.9574E 

00 

-0.2123E- 

•00 

-0. 1301C-02 

-0.6519E 

00 

0. 1169E 

01 

0.9921E- 

•01 

-0.2070E-04 

0.8047E 

-01 

OUTBOUND 

ERROR 

ANALYSIS 

CLASS 

81  —  1/2 

,1— H 

VENUS 

-CLOSE-RETURN 

VCL/K 

VOC/W 

OELP.L 

DELRC 

0. 3545E 

01 

0.1346E 

01 

-0.5270C-01 

0.4150E 

01 

0.3078E 

01 

0.1363E 

01 

-0.5512E-01 

0.4245E 

01 

0.2525E 

01 

0. 1675E 

01 

-0.4559E-01 

0.3860E 

01 

0. 179BE 

01 

0.1372E 

01 

-0.3155E-01 

0.32 11E 

01 

0.55316 

-02 

O.5160E 

00 

-0 . 5003E-02 

0.1279E 

01 

-0.1849E 

01 

-0.4633E- 

■00 

-0. 3532E-02 

-0. 1074E 

01 

-0.2639E 

01 

-0.9138E 

00 

-0. 1487E-01 

-0.2205E 

01 

-0.3254E 

01 

-0. 1298E 

01 

-0.31 19E-01 

-0.3193C 

01 

-0.3785E 

01 

-0.1310E 

01 

-0.6289E-01 

-0.4534E 

01 

-0. 3266E 

01 

-0.1793E 

01 

-0.6146E-01 

-0.4482E 

01 

-0.2653F 

01 

-0.1617E 

01 

-0.4944E-01 

-0.4020E 

01 

-0. 1862E 

01 

-0.1331E 

01 

-0. 3305E-01 

-0.3287E 

01 

0.5593E 

-02 

-0.5036E 

00 

-0.4867E-02 

-0. 1261E 

01 

0. 181CE 

01 

0.4648E- 

■00 

-0.3196E-02 

0. 1022L 

01 

0. 2539E 

01 

0.9279E 

00 

-0.1 320E-0 1 

0.2077E 

01 

0.3090E 

01 

0.1329E 

01 

-0.2717E-01 

0.2930E 

01 
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OUTBOUND  ERROR  ANALYSIS 

CLASS  EX - 0,0 - A  VENUS-OPT-RETURN 


VOL/W 

voc/w 

0.1401E 

01 

0 . 6698 E  00 

0.1212E 

01 

0.1058E  01 

0.9896E 

00 

0.1149E  01 

0.7000E 

00 

0.1159E  01 

0.2738E- 

•03 

0.9507E  00 

-0.7017E 

00 

0.4877E-00 

-0.9936E 

00 

0. 1969C-00 

-0. 1218E 

01 

-0. 1057E-00 

-0.  1409E 

01 

-0.7071E  00 

-0.1222E 

01 

-0.1057E  01 

-0.9974E 

00 

-0.1146E  01 

-0.7050E 

00 

-0.1157E  01 

0.2894E- 

■03 

-0.9488E  00 

0.7033E 

00 

-0.4875E-00 

0.9934E 

00 

-0.1 990E-00 

0. 1215E 

01 

0.1 026E-00 

DELRL 

DELRC 

-0. 1230E-02 

0.6339E 

00 

-0.3130E-02 

0.  LOUE 

01 

-0. 3716E-02 

0. 1102E 

01 

-0. 38 16E-02 

0.1117E 

01 

-0.2617E-02 

0.9248E 

00 

-0.71 37E-03 

0.4826E- 

■00 

-0. 1254E-03 

0.2016E- 

00 

-0.2679E-04 

-0.9271E- 

01 

-0.1420E-02 

-0.631  IE 

00 

-0.3216E-02 

-0.1025E 

01 

-0.3785E-02 

-0.1112E 

01 

-0. 3867E-02 

-0.  U24E 

ul 

-0.2607E-02 

-0.9231E 

00 

-0.7015E-03 

-0.4735E- 

00 

-0. 1242E-03 

-0.2012E- 

00 

-0.2436E-04 

0.3841E- 

01 

OUTBOUND  ERROR  ANALYS I  S 


CLASS 

EX- 

-0,0- — A  VENUS 

VOL/W 

VOC/W 

0. 1696E 

01 

0.992  IE  00 

0.  1468E 

01 

0 *  1 30 IE  01 

0.1199E 

01 

0.1324E  01 

0.8486E 

00 

0.1259E  01 

0.6653E 

-03 

0.8780E  00 

-0.8519E 

00 

0 . 2645E-00 

-0.  1207E 

01 

-0.8 146E-01 

-0. 148  IE 

01 

-0.4194E-00 

-0. 1714E 

01 

-0.1042E  01 

-0.1485E 

01 

-0.1298E  01 

-0. 1212E 

01 

-0.1321E  01 

-0.8564E 

00 

-0.1255E  01 

0.6809E- 

-03 

-0.8759E  00 

0.8531E 

00 

-0. 2649E-00 

0.1204E 

01 

0.78676-01 

0.1473E 

01 

0.41 77E-00 

-CLOSE-RETURN 


DELRL 

DELRC 

-0. 2722E-02 

0.94 3 1£ 

00 

-0. 4736E-02 

0. 1244E 

01 

-0.4937E-02 

0.1270E 

01 

-0.4496E-02 

0.1212E 

Cl 

-0.2232E-02 

0 . 854  IE 

00 

-0.21 56E-03 

0.2649C- 

00 

-0. 1 583E-04 

-0.7091E- 

01 

-0.4920E-03 

-0.4007E- 

00 

-0.3131E-02 

-0. 1012E 

01 

—0.488  IE-02 

-0.1263E 

01 

-0. 5054E-02 

-0.1235E 

01 

-0.4560E-02 

-0.1221E 

01 

-0. 2223E-02 

-0. 852  IE 

00 

-0.2U9E-03 

-0.2626E- 

00 

-0.1461E-04 

0.6724E- 

01 

-0.4713E-03 

0.392  IE- 

00 
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OUTBOUND  ERROR  ANALYSIS 


CLASS 

EX- 

-0,0  — -c 

VENUS 

-CLOSE-RETURN 

VCL/W 

voc/w 

DELRL 

OELRC 

0.1242E 

01 

0.4324E 

-00 

-0. 1522E-03 

C.2222E-00 

0. 1075C 

01 

0.8704E 

00 

-0.61 99E-03 

C.4497E-00 

0.8778E 

00 

0. 1004E 

01 

-0.8257E-03 

0.5194E  00 

0 . 6208  E 

oc 

0. 1065E 

01 

-0.0341E-03 

0.5523C  00 

0. 3688E 

-04 

0.9325E 

00 

-0.3001E-03 

0.5112E  00 

-0.A213E 

00 

0.6352E 

00 

-0. 3386E-03 

0. 3321E-C0 

-0.8739E 

OC 

0.3874E 

-00 

-0. 1279E-03 

0. 2035 1: -  00 

-0. 1077E 

01 

0. 1 137E 

-00 

-0. 1340E-04 

0.6363 1. -  01 

-0. 1244E 

01 

-O.5O90E 

00 

-0.2143E-03 

-0 . 2644E-00 

-0. L078E 

01 

-0.8720E 

00 

-0.6309E-03 

-0.4536E-00 

-0. 8803E 

00 

-0.9993E 

00 

-0. 3294E-03 

-0.5203E  00 

-0.6224E 

oc 

-0.1069E 

01 

-0.9475E-03 

-0.5662L  00 

0.4539E 

-04 

-0.9826E 

00 

-0.3001E-03 

-0.5113E  00 

0.6219E 

00 

-0.6323E 

00 

-0.3325E-03 

-0.3293E-00 

0.8792E 

00 

-0.3936E 

-00 

-0. 1303E-03 

-0 . 2056E-00 

0. 1076E 

01 

-0.1212E 

-00 

-0. 1340E-04 

-0. 6448E-01 
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outbound 

ERROR 

ANALYSIS 

CLASS 

EX - 0, 

0 - D 

VENUS 

VGL/W 

voc/w 

0.  1374F 

01 

0.6773E 

00 

0. 11B3G 

01 

0.1071E 

01 

0.9700E 

00 

0.1 164E 

01 

0.6862E 

00 

0. 1 1 77E 

01 

0.3518E 

-03 

0.9669E 

00 

-0.6895E 

00 

0.4960E- 

•00 

-0.9772E 

00 

0.2003E- 

■00 

-C. 1 199G 

01 

-0. 1077E- 

•00 

-0. 1390E 

01 

-0.7060E 

00 

-0. 1206G 

01 

-0.1072E 

01 

-0.9846E 

00 

-0.1 162E 

01 

-0.6958E 

00 

-0. 1 174E 

01 

0.3965E- 

-03 

-0.9631E 

00 

0.6925E 

00 

-0.4959E- 

00 

0.977 2£ 

00 

-0.2030E- 

00 

0.  1194E 

01 

0.1037E- 

00 

OUTBOUND 

ERROR 

ANALYSIS 

CLASS 

EX - 0 

,  0 - 0 

VENUS 

VOL/W 

voc/w 

0.2716E 

01 

0. I602t 

01 

0.2354E 

01 

0. 1716E 

01 

0.  1927E 

01 

0. 1595E 

01 

0. 1368E 

01 

0. 1364E 

01 

0.3217E 

-02 

0.6460E 

00 

-0. 1389C 

01 

-0.2381E- 

■00 

-0. 1975E 

01 

-0.6672E 

00 

-0.2429E 

01 

-0.  1050E 

01 

-0.2819E 

01 

-0.  1608E 

01 

-0.2439C 

01 

-0. 1634E 

01 

-0.1986C 

01 

-0. 1567E 

01 

-0. 1398E 

01 

-0.1342E 

01 

0.3257E 

-02 

-0.6404E 

00 

0.  1373E 

01 

0.2373E- 

•00 

0. 1938C 

01 

0  •  6699E 

00 

0.2364E 

01 

0.1058E 

01 

OPT-RETURN 


DELRL 

DCLRC 

-0.3946E-02 

0. 1136E 

01 

-0. 1051E-01 

0. 1853E 

01 

-0. 1270E-01 

0.2037E 

Cl 

-0. 1328E-01 

0.2083E 

01 

-0.9435E-02 

0.1756C 

01 

-0.2745E-02 

0.9472E 

00 

-0.5529E-03 

0.424  7E- 

00 

-0. 5237E-04 

-0. 1293E- 

00 

-0.4576E-02 

-0. 1223E 

01 

-O.lllOE-Ol 

-0. 1905E 

01 

-0.1322E-01 

-0.2079E 

01 

-0. 1363E-01 

-0.21 1  IE 

01 

-0.9375E-02 

-0.17S1E 

01 

-0.2666E-02 

-0.9334E 

CO 

-0.5395E-03 

-0.4196E- 

CO 

-0.4384E-04 

0.1193E- 

00 

CLOSE-RETURN 

DELRL 

DEL-RC 

-0.2309E-01 

0.2747E  01 

-0.2700E-01 

0.2971E  01 

-0.2365E-01 

0.2780E  01 

-0 . 1 762E-0 1 

0.2400E  01 

-0.4214E-02 

0.1174C  01 

-0.4847E-03 

-0. 3980E-C0 

-0.4261E-02 

-0.1180C  01 

-0. 1089E-01 

-0.1887E  01 

-0.2627E-01 

-0.2931F  01 

-0.2887E-01 

-0.3072C  01 

-0 . 2488E-0 1 

-0.2852C  01 

-C.1813E-01 

-0.2435E  01 

-0.4143E-02 

-0.U64E  01 

-0.4530E-03 

0 . 384  7E-00 

-0. 3945E-02 

0.1135L  01 

-0.9961E-02 

0.1804E  01 
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OUTBOUND  ERROR  ANALYSIS 


CLASS  BI--1/2.1--H  MARS-OPT-RETURN 

VOL/W  VOC/W  DELRL  DELRC 

0.1395E  01  0.6676E  00  -0.1665E-01  0.3270E  01 

0.1205E  01  0.1055E  01  -0.4245E-01  0.5221E  01 

0.9841E  00  0.11466  01  -0.5070E-C1  0.5706 E  01 

0.6965E  00  0.U59E  01  -0.5253E-01  0.5308E  01 

0.7561E-03  0.9508E  00  -0.3647E-01  0.4839E  01 

-0.7009E  00  0.4860E-00  -0.9971E-02  0.2530E  01 

-0.9945E  00  0 . 1950E-00  -0.1718E-02  0.1050L  01 

-0.1222E  01  -0 . 1 090E-00  -0.4162E-03  -0.5153E  00 

-0.1418E  01  -0.6914E  00  -0.1954E-01  -0.3542E  01 

-0.1231E  01  -0.1055E  01  -0.4584E-01  -0.5425E  01 

-0.1005E  01  -0.1143E  01  -0.5368E-01  -0.5871E  01 

-0.7097E  00  -0.1154E  01  -0.5442E-01  -0.5911E  01 

0.8348E-03  -0.9458E  00  -0.3611E-01  -0.4815E  01 

0.7052E  00  -0.4864E-00  -0.9559E-02  -0.2477E  01 

0.9941E  00  -0. 1935E-00  -0.1670E-02  -0.1034E  01 

0.1214E  01  0.1032E-00  -0.3421E-03  0.4674E-00 


OUTB°UNO  ERROR  ANALYSIS 


CLASS  BI— 1/2,1 — H  MARS-CLOSE-RETURN 

VOL/W  VOC/W  DELRL  DELRC 

0.2035E  01  0.1263E  01  -0.5930E-01  0.6171E  01 

0.1760C  01  0.1492E  01  -0.8339E-01  0.7339E  01 

0.1440E  01  0.1455E  01  -0.9075E-01  0.7200E  01 

0.1022E  01  0.1318E  01  -0.6731E-01  0.6574E  01 

0. 2985E-02  0.7839E  00  -0.2511E-01  0.4016E  01 

-0.1037E  01  0.4944E-01  -0.1292E-03  0.2851E-00 

-0.1475E  01  -0 . 3364E-00  -0.4564E-02  -0.1712E  01 

-0.1817E  01  -0.6973E  00  -0.2022E-01  -0.3603E  01 

-0.2112E  01  -0.1271E  01  -0.6854E-01  -0.6634E  01 

-0.1330E  01  -0.1472E  01  -0.9147E-01  -0.7663E  01 

-0.1491E  01  -0.1434E  01  -0.S605E-01  -0.7433E  01 

-0.1050E  01  -0.1299E  01  -0.6982E-01  -0.6695E  01 

0.3087E-02  -0.7809E  00  -0.2461E-01  -0.3976E  01 

0.1035E  01  -0.5134E-01  -0.1316E-03  -0.2879E-00 

0.1455E  01  0 . 3330E-00  -0.4076E-02  0.1619E  01 

0.1774E  01  0.6960E  00  -0.1798E-01  0.3393E  01 
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GA/Phya/63-5,6 


OUTBOUN0 

ERROR 

ANALYSIS 

CLASS 

IN - 0 

,0 - A  MARS 

-CLOSE-RETURN 

VOL/W 

vnc/w 

DELRL 

DELRC 

0. 1222E 

01 

0.39936-00 

-0 . 9497E-03 

0.7806E 

00 

0.  10576 

01 

0.8J74E  00 

-0.42066-02 

0.  1643C 

01 

0.8631E 

00 

0.9777E  00 

-0.5751E-02 

0.  1921E 

01 

0.6L03E 

00 

0.1050E  01 

-0 . 6660E-02 

0.2063E 

01 

0.97886 

-04 

'  0.9921E  00 

-0. 5390E-02 

0. 1943E 

01 

-0.61126 

00 

0.6498E  00 

-0. 26006-02 

0.  12926 

01 

-0.86506 

00 

0.4106E-00 

-0. 1045E-02 

0.8189E 

00 

-0. 1060E 

01 

0.14426-00 

-0. 1316E-03 

0 . 2900E- 

-00 

-0. 1226E 

01 

-0.44516-00 

-0. 1218E-02 

-0.3937E 

00 

-0. 1062E 

01 

-0.83886  00 

-0.4330E-C2 

-0.1667E 

01 

-0.8674E 

00 

-0.9768E  00 

-0.5863E-C2 

-0.1940E 

01 

-0.6133E 

00 

-0.1050E  01 

-0 . 6753E-02 

-0.2082E 

01 

0. 1064E 

-03 

-0.98136  00 

-0. 5871E-02 

-0.1941E 

01 

0.6124E 

00 

-0.6495E  00 

-0. 2560E-C2 

-0.  12826 

01 

0.8655E 

00 

-0.4123E-00 

-0. 1033E-02 

-0.8137E 

00 

0. 1059E 

01 

-0. 1453E-00 

-0.1316E-03 

-0.2884E 

-00 
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outbound  error  analysis 


CLASS 

IN-- 

-OlO - B 

MARS 

-CLOSE-RETURN 

VOL/W 

voc/w 

OELRL 

DELRC 

0.  U09E 

01 

0.2074E' 

-00 

-0. 1220E-03 

0.2772E 

-00 

0.9600E 

00 

0.6795E 

00 

-0. 1294E-02 

0.9112E 

00 

0.7B38E 

00 

0.8537E 

00 

-0.2048E-C2 

0.  H46E 

01 

0.5542E 

00 

0.96676 

00 

-0.263IE-02 

0.  I299E 

01 

0.5674E 

-05 

0.9966E 

00 

-0.281  IE-02 

0.  1343E 

01 

-0.5545E 

00 

0.7533E 

00 

-0. I639E-02 

0.1025E 

01 

-0. 7843E 

00 

(  0.5532E 

00 

-0 . 3899E-03 

0.7556E 

00 

-0. 7609S 

00 

0.3215E 

-00 

-0.2966E-03 

0.4360E 

-00 

-0.1I10E 

01 

-0.2032E- 

-00 

-0. 1244E-03 

-0 . 2808E' 

-00 

-0.9616E 

00 

-0.6802E 

00 

-0. I318E-02 

-0.9I95E 

00 

-0.7852F 

00 

-0.8523E 

00 

-0. 2067E-02 

-0.  1152E 

01 

-0.5552E 

00 

-0.9679E 

00 

-0 . 2663E-02 

-0.  1307E 

01 

0.1135E 

-04 

-0.9934E 

00 

-0.2304E-02 

-0.  I342E 

01 

0.5549E 

00 

-0. 7538E 

00 

-0. I624E-02 

-0. 102  IE 

01 

0.7846E 

00 

-0.5588E 

00 

-0 . 8803E-03 

-0.75I5E 

00 

0.9607E 

00 

-0.3201E 

-00 

-0 . 2395E-03 

-0.4306E 

-00 
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OUT  BOUND  ERROR  ANALYSIS 


IN - o,o - C  MARS-CLOSE-RETURN 

VOC/W 


CLASS 
VGL/W 
0.1035C  01 
0.8962E  00 
0.7318E  00 
0.5174E  00 
-0. 3405E-04 
-0.5175E  00 
-0.7319E  00 
-0.8964E  00 
-0.1035E  01 


0.69L5E-01 
0.5679E  00 
0.7653E  00 
0.9076E  00 
0.1006E  01 
0.8395E  00 
0.6631E  00 
0.4S40E-00 
-0 . 1 596E-00 


IJELRL 

-0.4784E-05 
-0.2823E-03 
-0.51 19E-03 
-0.7201E-03 
-0.8875E-03 
-0.6196E-03 
-0 . 3875E-03 
-0.1813E-03 
-0.2392E-04 


-0.8966E  00 
-0.7321E  00 
-0.5177E  00 
-0.2837E-04 
0.5176E  00 
0.7319E  00 
0.8964E  00 


-0.5659E  00 
-0.7608E  00 
-0.9069E  00 
-0.1004E  01 
-0.8383E  00 
-0.6635E  00 
-0.4482E-00 


-0 . 2823E-03 
-0.5095E-03 
-0.7225E-03 
-0. 3851E-03 
-0.6148E-03 
-0.3852E-03 
-0 . 1770E-03 


DELRC 

0. 5152E-01 
0 . 4246E-00 
0.5725E  00 
0.6793E  00 
0.7540E  00 
0.6300C  00 
0.4980C-00 
0 . 34 12E-00 
-0. 1197E-00 
-0.4249E-00 
-0.57L1E  00 
-0.6805E  00 
-0.7528E  00 
-0.6277E  00 
-0.4966E-00 
-0 . 3354E-00 
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QA/Phya/63-5,6 


OUTBOUND  ERROR  ANALYSIS 


CLASS 

B  I  -  - 

1/2. 1 — H 

VENUS- 

OPT 

VGL/W 

VQC/W 

DELRL 

DELRC 

0. 1343!: 

01 

0.63106 

00 

-0. 1143E-01 

0.2316E 

01 

0. 1 160E 

01 

0. 1036E 

01 

-0.3243E-01 

0. 3 90 IE 

01 

0.9466E 

00 

0. 1133E 

01 

-0.3996E-01 

0.4331E 

01 

0.6696E 

00 

0.  1199E 

01 

-0.4256E-01 

0.4470E 

01 

0.2007E 

-03 

0.9376E 

00 

-0.3150E-01 

0.3845E 

01 

-0.6746E 

00 

0. 50)66 

00 

-0.9915E-02 

0.2157C 

01 

-0 . 957 1 E 

00 

'  0.2091E- 

■00 

-0.2313E-02 

0. 1042E 

01 

-0. 1176E 

01 

-0. 1034E- 

•00 

-0.5246E-04 

-0. 1544E- 

■00 

-0. I365C 

01 

-0.7087E 

00 

-0. 1351E-01 

-0.2513E 

01 

-0.  U86E 

01 

-0. 1089E 

01 

-0. 352IE-01 

-0.4065E 

01 

-0.96B5E 

00 

-0.1132E 

01 

-0.4252E-01 

-0.4467E 

01 

-0.6844E 

00 

-0.1194E 

01 

-0.4430E-01 

-0.4560E 

01 

0.2936E 

-03 

-0.9B22E 

00 

-0. 3128E-01 

-0.3832E 

01 

0.6793C 

00 

-0.5093E 

00 

-0.9505E-02 

-0.2112E 

01 

0.9577E 

cc 

-0.2125E- 

00 

-0. 2229E-02 

-0. 1023E 

i-L 

0. 1I69E 

01 

0.9922E- 

01 

-0.3672E-04 

0. 1279E- 

00 

OUTBOUND 

ERROR 

ANALYSIS 

CLASS 

BI  — 1/2 

»  l — H 

VENUS 

-CLOSE 

VCL/W 

VOC/W 

OELRL 

DELRC 

0.4249E 

01 

0. 1942E 

01 

-0.9783E-01 

0.6776E 

01 

0.3694E 

01 

0. 1907E 

01 

-0. 9688 E- 01 

0.6743E 

01 

0.3035E 

01 

Q. I636E 

01 

-0.7776E-01 

0.6041E 

01 

0.2165E 

01 

0. 1349E 

01 

-0.5161E-01 

0 .492 1 E 

01 

0.6678E 

-02 

0.4359E- 

-00 

-0. 6145E-02 

0.1699E 

01 

-0.2247E 

01 

-0.5693C 

00 

-0.9705E-02 

-0.2134E 

01 

-0.3213E 

01 

-0.1020E 

01 

-0.3324E-01 

-0.3950E 

01 

-0.3963E 

01 

-0.1375E 

01 

-0 . 6465E-0 1 

-0.5503L 

01 

-0.4620E 

01 

-0. 1364E 

01 

-0. 1198E-00 

-0.7499E 

01 

-0.3980E 

01 

-0. 1305E 

01 

-0.  UlOE-OO 

-0.7219E 

01 

-0.3226E 

01 

-0. 1604E 

01 

-0.8611E-01 

-0.6357E 

01 

-0.2259E 

01 

-0.1295E 

01 

-0 . 5483E-01 

-0.3073E 

01 

0.6743E 

-02 

-0.4291E- 

-00 

-0.5966E-02 

-0.1673E 

01 

0.2177E 

01 

0.5761E 

00 

-0. 3635E-02 

0.2013E 

01 

0.3049E 

01 

0.1047E 

01 

-0.2369E-01 

0.3670E 

01 

0.3706E 

01 

0. 1449E 

01 

-0 . 5462E-0 l 

0.5063L 

01 
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0UT30UN0  CRRGR  ANALYSIS 


CLASS 

EX — 

-0,0 - A 

VENUS 

-OPT 

VGL/W 

voc/w 

OCLRL 

DELRC 

0.  I397E 

01 

0.6706E 

00 

-0 . 2686E-02 

0.1123E 

01 

0.  1209G 

01 

0. 1039E 

01 

-0.6870E-02 

0. 1796E 

01 

0.9869C 

00 

0. 1149C 

01 

-0.3161E-02 

0.  1957E 

01 

0.69S2E 

00 

0. 1161E 

01 

-0.3421E-02 

0. 1938c 

01 

0.3319E 

-03 

0.9525E 

00 

-0.5907E-02 

0.1651E 

01 

-0. 7003F 

00 

0.4834E- 

■00 

-0. 1595E-02 

0.3648E 

00 

-0.9918E 

00 

'  0.1976E- 

•00 

-0.2850C-03 

0. 3651c- 

CO 

-0. 12L6E 

01 

-0. 1069E- 

•00 

-0.5770E-04 

-0.1623E- 

00 

-0. 1403C 

01 

-0. 7093E 

00 

-0.3144E-02 

-0.1214E 

01 

-0. 1 2  2 1 E 

01 

-0. 1059E 

01 

-0. 7112E-02 

-0.1827E 

01 

-0.9966E 

oc 

-0. 1143E 

01 

-0. 8392E-02 

-0. 1984G 

01 

-0. 7044E 

00 

-0.1  l'j9E 

01 

-0.3568E-02 

-0.2005E 

01 

0.3532E 

-0  3 

-0.9502E 

00 

-0.5779E-02 

-0. 1647E 

01 

0. 7022E 

00 

-0.4832E- 

•00 

-0. 1562E-02 

-0.3557E 

00 

0.9916C 

00 

-0. 1 989E- 

■00 

-0.2798E-03 

-0.3619E- 

c,; 

0. 12I3E 

01 

0. 1039E- 

00 

-0.5246E-04 

0.1544E- 

00 

OUTBOUND 

ER;<0* 

ANALYSIS 

CLASS 

CX - 0, 

0 - A 

VENUS- 

CLOSE 

VCL/W 

VOC/W 

DELRL 

DELRC 

0.2141C 

01 

0. 1317E 

01 

-0. 1050E-01 

0.2220c 

01 

0. 1853E 

01 

0. 1530E 

01 

-0. 1431E-01 

0.2591c 

01 

0.1515E 

01 

0. 1478F 

01 

-0.1 346E-01 

0.2514E 

01 

0.  1073E 

01 

0. 1325E 

01 

-0. 1093E-01 

0.2265E 

01 

0. 1488E 

-02 

0. 7678E 

00 

-0 . 3773E-02 

0. 133  IE 

01 

-0. 108 1 E 

01 

0.57UE- 

•02 

-0. 1749E-05 

0.2433E 

-01 

-0.  1533E 

Cl 

-0.3365E- 

•00 

-0.9215E-03 

-0.6571C 

00 

-0.  188  3E 

01 

-0. 7510E 

00 

-0. 3592E-02 

-0.1293E 

01 

-0.2181E 

01 

-0. 1357E 

01 

-0. 1189E-01 

-0.2362E 

01 

-0.1839E 

01 

-0.1517E 

01 

-0. 1487E-01 

-0.2641E 

01 

-0. 154 1 E 

01 

-0. 1463E 

01 

-0. 1 388E-01 

-0.2352E 

01 

-0. 1087E 

01 

-0.1316E 

01 

-0. 1112E-01 

-0.2285E 

01 

0. 1511E 

-02 

-0.7641E 

00 

-0. 3739E-02 

-0. 1324E 

01 

0. 1080E 

01 

-0.6737E- 

02 

-0. 1 749E-C5 

-0.2563E- 

-01 

0.1522E 

01 

0.3350E- 

00 

-0. 8743E-03 

0.6400E 

00 

0. 1860E 

01 

0.7519E 

00 

-0. 3391E-02 

0.  1261E 

01 

afio 
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OUTBOUND  ERROR  ANALYSIS 


CLASS  5 

X  — 

-0,0 — c 

VENUS 

VCL/W 

VOC/W 

0. 1400E 

0 1 

0.6699E 

00 

C. 1 2 1 1 E 

01 

0. 1057E 

01 

0.9886L 

00 

0.1 143C 

01 

0.6994C 

00 

0.1160E 

01 

0.3092E- 

03 

0.9518E 

00 

-0. 7013E 

00 

0.4871E- 

-00 

-0.9931E 

00 

0.1970E- 

-00 

-0.  1218E 

01 

-0.10S8C 

-00 

-0. 1409E 

01 

-0.7160E 

00 

-0. 1222E 

01 

-0.1057E 

01 

-0.9975E 

00 

-0.1146E 

01 

-0. 7050E 

00 

-0.11S8E 

01 

0.3319c- 

■03 

-0.9492E 

00 

0.7031E 

00 

-0.4373E 

-00 

0.9929F 

00 

-0.2001E 

-00 

0. 1215E 

01 

0. 1039E 

-00 

-OPT 


OELRL 

OFLRC 

-0 . 2273E-02 

0. 1034C 

01 

-0. 5797E-02 

0. 1649E 

01. 

-0.6897E-02 

0. 1799E 

01 

-0 . 7098E-02 

0.1325E 

01 

-0 • 4884E-02 

0.1514E 

01 

-0. 1329E-02 

0.7893E 

00 

-0.2343E-03 

0.3309E- 

-00 

-0.5071E-C4 

-0.1506E 

-00 

-0 . 27 10E-02 

-0. 1128E 

01 

-0 . 5987E-02 

-0. 1676E 

01 

-0 . 7057E-02 

-0. 1320E 

01 

-0 . 7208E-02 

-0.1839E 

01 

-0 . 4858E-02 

-0. 1510E 

01 

-0.1 308E-02 

-0.7830E 

00 

-0.2361E-03 

-0.3315E 

-00 

-0.4546E-04 

0. 1452E 

-00 

auTBOuND  ERROR  ANALYSIS 


CLASS  CX - 0 

VOL/W 

0.2007E  01 
0.1737E  01 
0.1419E  01 
0.1005E  01 
0. L192E-02 
-O.lOllC  01 
-0.1434E  01 
-0.1760E  01 
^0.2038E  01 
-0.1766E  01 
-0.1441E  01 
-0.1017E  01 
0.1224E-02 
0.  101  IE  01 
0.1426E  01 
0.1743E  01 


0 - C  VENUS 

VOC/W 

0.1233E  01 
0. 147  IE  01 
0.1441E  01 
0.131  IE  01 
0.8003E  00 
0.7564E-01 
-0.3063E-00 
-0.665DE  00 
-0.1265E  01 
-0.1464E  01 
.  -0. 1432E  01 
-0.1304E  01 
-0.7960E  00 
-0.7618E-01 
0  •  3044E-00 
0.6644E  00 


CLOSE 

DELRL 

-0 . 7797E-02 
-0. 1 121E-01 
-0. 1083E-01 
-0.9039E-02 
-0.3453E-02 
-0.3847E-04 
-0.4344E-03 
-0.2355E-02 
-0.3675E-02 
-0.  U64E-01 
-O.llllE-Ol 
-0.9194E-02 
-0. 3417E-02 
-0.3847E-04 
-C.4599E-03 
-0.2243E-02 


DELRQ 

0.1913E  01 
0.2294E  01 
0.2254L  01 
0.2060E  01 
0.1273E  01 
0. 1322E-00 
-0.4762E-00 
-0.1051E  01 
-C.2018E  01 
-0.2337E  01 
-0.2284E  01 
-0.2077E  01 
-0.1266E  01 
-0.1313E-00 
0.4641E-00 
0.1026E  01 
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GUT BOUND 

F  9  «  G  n 

analysis 

CLASS  ! 

EX - 0 

,0 - D  VENUS 

-OPT 

VCL/W 

VOC/W 

OELRL 

DELRC 

0. 1401E 

01 

0.6696E  00 

-0.2081E-02 

0.9331E 

00 

0. 1212E 

OL 

0.1057E  01 

-0. 5234E-C2 

0. 1575E 

01 

0.98956 

GO 

0.1143E  01 

-0.628  IE-02 

0.1717E 

01 

0.6999C 

00 

0.1  IDOL  01 

-0.6470E-02 

0.1743C 

01 

0.2936E 

-03 

0.9511E  00 

-C.4436E-02 

0. 1443E 

01 

-0.7018C 

00 

0.48786-00 

-0. 1208E-02 

0.7523E 

00 

-0.9938C 

00 

0.1 9706-00 

-0.21 16E-03 

0.31426 

-00 

-0.1219E 

01 

'  -0. 1056E-00 

-0 . 4  546E-04 

-0. 1449C 

-00 

-0.1410E 

01 

-0.7213E  00 

-0.251  IE-02 

-0.  1035E 

01 

-0.1222E 

01 

-0.1053E  01 

-0 . 5459E-02 

-0.16016 

01 

-0.9979E 

00 

-0.1146E  01 

-0.6419E-G2 

-0.  L736E 

01 

-0.7053C 

00 

-0. 115  76  01 

-0.6557E-02 

-0. 1754E 

01 

0.3107E 

-03 

-0.9492c  00 

-0 . 4420E-02 

-0. 1440E 

01 

0.7035C 

00 

-0.4334E-00 

-0 . 1 19  IE-02 

-0.7471E 

CO 

0.9936E 

00 

-0.19  106-00 

-0.21 16E-03 

-0.3134E 

-GO 

0.1215L 

01 

0. 10376-00 

-0.4372E-04 

0. 1399E 

-00 

OUTBOUND 

ERROR 

ANALYSIS 

CLASS 

EX  — 0 

,0 - 0 

VENUS 

-CLOSE 

VOL/W 

VOC/W 

DELRL 

DELRC 

0.1939E 

01 

0.11256 

01 

-0.6590E-02 

0.1757E 

01 

0.1678E 

01 

0.1439E 

01 

-0.9797E-02 

0.2143E 

01 

0. 1371C 

01 

0. 1413E 

01 

-0.9568E-C2 

0 . 2  1 1 9E 

Cl 

0.9707E 

00 

0 . 1 3026 

01 

-0.81 3 1E-C2 

0.1953E 

01 

0. 1048E 

-02 

0.8175E 

00 

-0 . 32  79E-02 

C . 124 06 

01 

— 0.9760t 

00 

0.1142E 

-00 

-0.7  344C-C4 

0. 1940E 

-00 

-0.1304E 

01 

-0.2607E 

-00 

-0 . 3 l 82E-03 

-0.3854E- 

-00 

-0. 169QE 

01 

-0.6147E 

00 

-0. 1829E-02 

-0.9261E 

00 

-0. 1966E 

01 

-0.1239E 

01 

-0.7566E-02 

-0.  I8e46 

01 

-0.1703C 

01 

-0.1434L 

01 

-0. 1015E-01 

-0.2193E 

01 

-0.1390E 

01 

-0.14UE 

01 

-0. 9820E-02 

-0.2147E 

01 

-0.9814E 

00 

-0. 1296G 

01 

-0.8259E-02 

-0. 1 9696 

01 

0.1074E 

-02 

-0.8133E 

00 

-0.3245E-02 

-0. 1234E 

Cl 

0.9761E 

00 

-0.U50E 

-00 

-0.71 69E-04 

-0.1823E 

-00 

0. 1377E 

01 

0.2533E 

-00 

-0 . 3008E-03 

0 . 375  It 

-00 

0.1683E 

01 

0.6147E 

00 

-0 . 1 750E-02 

0.9062E 

00 
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OUTBOUND  ERROR  ANALYSIS 


CLASS  1 

BI  — 

1/2,1— H 

MARS 

-OPT 

VOL/W 

voc/w 

OELRL 

DELRC 

0. 1361E 

01 

0.6300E 

00 

-0.8893E-02 

0.2043c 

01 

0. 1176E 

01 

0.1078E 

01 

-0. 2434E-01 

0.3380E 

01 

0.9596E 

00 

0.1172E 

01 

-0.2965E-01 

0.3731E 

01 

0.6789E 

00 

0.1 1860 

01 

-0.3127E-01 

0.3831E 

01 

0. 3348 E 

-03 

0.9757E 

00 

-0 . 2263E-0 1 

0.3259E 

01 

-0.6831E 

00 

0.5014E 

00 

-0 . 68 18E-02 

0. 1789E 

01 

-0.9687E 

00 

0.2038E 

-00 

-0. 1464E-02 

0.3285E 

00 

-0.1190E 

01 

-0. 1077E 

-00 

-0.3218E-04 

-0. 1957E 

-00 

-0. 1380E 

O.l 

-0.7069E 

00 

-0. 1043E-01 

-0.2212E 

01 

-0.1198E 

01 

-0. 1079E 

01 

-0.2610E-01 

-0.3500E 

01 

-0.9783E 

00 

-0.1171E 

01 

-0.3126E-01 

-0.3830F 

01 

-0.6913E 

00 

-0.1183E 

01 

-0.3234E-01 

-0.3896E 

01 

0.4043E 

-03 

-0.9709E 

00 

-0.2247E-01 

-0.3247E 

01 

0.6870E 

00 

-0.5014E 

00 

-0.6571E-02 

-0. 1756E 

01 

0.9690E 

00 

-0.2068E 

-00 

-0.1420E-02 

-0.9161E 

00 

0.1184E 

01 

0.1020E 

-00 

-0.6470E-04 

0. 1723E 

-00 

OUTBOUND 

ERROR 

ANALYSIS 

CLASS 

BI  — 1/2 

» 1 — H 

MARS 

-CLOSE 

VOL/W 

VOC/W 

DELRL 

DELRC 

0.3712E 

01 

0.1344E 

01 

-0.6834E-01 

0.  t>663E 

01 

0.3223E 

01 

0.1351E 

01 

-0 . 7040E-01 

0.5748E 

01 

0.2644E 

01 

0.1658E 

01 

-0.5768E-01 

0.5203E 

01 

0. 1882E 

01 

0. 1352E 

01 

-0.3945E-01 

0.4303E 

01 

0.5354E 

-02 

0.4948E 

-00 

-0.5826E-02 

0. 1653E 

01 

-0.1935E 

01 

-0 .473  l  E 

-00 

-0.5036E-02 

-0. 1537E 

01 

-0.2759E 

01 

-0.9249E 

00 

-0.2002E-01 

-0.3065E 

01 

-0.3402E 

01 

-0.1305E 

01 

-0.4U0E-01 

-0.4392C 

01 

-0.3954E 

01 

-0.1799E 

01 

-0.8051E-01 

-0.6147E 

01 

-0.3413E 

01 

-0.1778E 

01 

-0. 7816E-01 

-0.6056E 

01 

-0.2772E 

01 

-0. 1599E 

01 

-0.6241E-01 

-0.5412E 

01 

-0. 1946E 

01 

-0.1312E 

01 

-0.4130E-01 

-0.4403E 

01 

0.5407E 

-02 

-0.4936E 

-00 

-0 . 5686E-02 

-0. 1634E 

01 

0. 1893E 

01 

0.4313E 

-00 

-0.4595E-02 

0. 1468E 

01 

0.2657E 

01 

0.9405E 

00 

-0.1782E-01 

0.2892E 

01 

0.3234E 

01 

0.1338E 

01 

-0.3597E-01 

0.4109E 

01 
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OUTfl°UNO  ERROR  ANALYSIS 


CLASS 

IN— 

-0,0 - A 

MARS- 

OPT 

VCL/W 

VOC/W 

OELRL 

DELRC 

0.14066 

01 

0.6630E 

00 

-0.10826-02 

0.71246 

00 

0.12176 

01 

0.10566 

01 

-0 . 2730E-02 

0.11326 

01 

0.99386 

00 

0.1 1466 

01 

-0 . 3230E-02 

0.1231E 

01 

0.7029E 

00 

0.1158C 

01 

-0.3315E-02 

0.12476 

01 

0.21286 

-03 

0.94386 

00 

-0. 22546-02 

0.10286 

01 

-0. 70426 

00 

0.43546 

-00 

-0.60156-03 

0.53126 

00 

-0.9969E 

00 

0.19856 

-00 

-0.10496-03 

0.221 IE- 

-00 

-0. 12226 

01 

-0.10426- 

-00 

-0.2623E-04 

-0.10756- 

-00 

-0. 14136 

01 

-0.73396 

00 

-0. 1343E-02 

-0.7935E 

00 

-0.12256 

01 

-0.10566 

01 

-0.2791E-02 

-0.1144E 

01 

-0.9998E 

00 

-0. 11446 

01 

-0 . 3282E-02 

-0.12416 

01 

-0.70686 

00 

-0.11536 

01 

-0. 3333E-02 

-0.12516 

01 

0.22986 

-03 

-0.94626 

00 

-0.22426-02 

-0.10256 

01 

0.70546 

00 

-0.48336 

-00 

-0.6015E-03 

-0.53106 

00 

0.99676 

00 

-0.20016 

-00 

-0.10496-03 

-0.22076 

-00 

0. 12206 

01 

0.10176 

-00 

-0.24486-04 

0.1036E 

-00 

OUTBOUND  ERROR 

ANALYSIS 

CLASS  IN— 0, 

0 - A  MARS 

-CLOSE 

VOL/W 

VOC/W 

DELRL 

DELRC 

0.15556  01 

0.8426E  00 

-0 . 1 726E-02 

0.8997E  00 

0.1346E  01 

0.11926  01 

-0. 3476E-02 

0.12776  01 

0.1099E  01 

0.1 2446  01 

-0. 38056-02 

0.13366  01 

0.77766  00 

0.12136  01 

-0. 36376-02 

0.1307E  01 

0.36316-03 

0.9136E  00 

-0.2090E-02 

0.99006  00 

-0.77956  00 

0 . 3692E-00 

-0. 3515E-03 

0.40506-00 

-0.11046  01 

0.4984E-01 

-0.87436-05 

0. 5924E-01 

-0.13536  01 

-0.27546-00 

-0.18546-03 

-0. 2942C-00 

-0.15656  01 

-0.90806  00 

-0. 2065E-02 

-0.98416  00 

-0.1356E  01 

-0.11386  01 

-0. 3546E-02 

-0.1290E  01 

-0.11076  01 

-0.12426  01 

-0.38716-02 

-0.13486  01 

-0.78266  00 

-0 • 12116  01 

-0.36796-02 

-0.1314L  01 

0.37456-03 

-0.9119E  00 

-0.20816-02 

-0.98826  00 

0.78066  00 

-0.36906-00 

-0.34456-03 

-0.40196-00 

0.  11036  01 

-0.51236-01 

-0.87436-05 

-0.6012C-01 

0.1349C  01 

0.26356-00 

-0.17146-03 

0.28326-00 
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OUTBOUNU  ERROR  ANALYSIS 


CLASS 

IN— 

Sj 

1 

» 

1 

0 

» 

0 

1 

MARS- 

OPT 

VOL/W 

vnc/w 

IJELRL 

DELRC 

0.  1406E 

01 

0.6631E 

00 

-0.  1114E-C2 

0.7225E 

00 

0.1217E 

01 

0.1056C 

01 

-0 . 2308E-02 

0. 1143E 

01 

0.9936E 

00 

0. 1 146E 

01 

-0.3321E-02 

0. 1243F. 

01 

0.7028E 

00 

0.1137C 

01 

-0 . 3406E-02 

0. 1264E 

01 

0.2156E 

-0  3 

0.9490E 

00 

-0.2319E-02 

0.  1043E 

01 

-0. 704  IE 

00 

0.4865C 

-00 

-0 .  6225E-03 

0.5402E 

00 

-0.9968E 

00 

0.1984E 

-00 

-C. 1084E-03 

0.2243F 

-00 

-0.  I222E 

01 

-0. 1047E' 

-00 

-0.2623E-04 

-0. 1094E 

-00 

-0.141 3E 

01 

-0.7331E 

00 

-0. 1397E-02 

-0.3095C 

00 

-0.1224E 

01 

-0. 1054E 

01 

-0 . 2862E-02 

-0. 1159E 

01 

-0.9998E 

00 

-0.1 144E 

01 

-0 . 3377E-02 

-0. 1259E 

01 

-0. 7067E 

00 

-0. 1155E 

01 

-C.3441E-02 

-0. 1271C 

01 

0.2298E 

-03 

-0.947  IE 

00 

-0.2312E-02 

-0. 1041E 

01 

0.7054E 

00 

-0.4875E 

-00 

-0.6 1 73E-03 

-0.5378F 

00 

0.9966E 

00 

-0.1997E 

-00 

-0 . 1084E-03 

-0.2236E 

-90 

0.1219E 

01 

0.1020E 

-00 

-0 . 2448E-04 

0. 1053t 

-00 

outbound  error  analysis 


CLASS 

IN- 

-0,0 — n 

MARS 

-CLOSE 

VOL/W 

voc/w 

DELRL 

DELRC 

0.1568E 

01 

0.8569E 

00 

-0. 1836E-02 

0.9230E 

00 

0.1357E 

01 

0. 1203E 

01 

-0.3644E-02 

0.1308E 

01 

0.1108E 

01 

0.1252E 

01 

-0 . 3966E-02 

0.1364E 

01 

0.7842E 

00 

0.1219E 

01 

-0. 3777E-02 

0. 1331E 

01 

0.3830E 

-03 

0.9104E 

00 

-0. 2135E-02 

0.  100 IL 

01 

-0.7862E 

00 

0.359BF- 

00 

-0.3427E-03 

0.4006E 

-00 

-0. 1113E 

01 

0.3939E- 

01 

-0 . 6994E-05 

0.4369E 

-01 

-0.1365E 

01 

-0.2868E- 

00 

-0.2081E-03 

-0.3110E 

-00 

-0.1579E 

01 

-0.9264E 

00 

-0 . 22 12E-C2 

-0.  1019E 

01 

-0.1368E 

01 

-0.1200E 

01 

-0.3721E-02 

-0. 1321E 

01 

-0.1117E 

01 

-0.1252E 

01 

-0 . 4046E-02 

-0. 1378E 

01 

-0.7893E 

00 

-0.1215E 

01 

-0.3812E-02 

-0. 1337E 

01 

0.3944E 

-03 

-0.9078E 

00 

-0 • 2 l 23E-02 

-0.9931E 

00 

0.7873E 

00 

-0.3602E- 

00 

-0 . 3392E-03 

-0 . 398  IE 

-00 

0. 1112E 

01 

-0.3994E- 

01 

-0 . 6994E-C5 

-0.4679C 

-01 

0.1360E 

01 

0.2322E- 

00 

-0. 1958E-03 

0.3020E 

-00 
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OUTBOUND  ERROR  ANALYSIS 

CLASS  IN - 0,0 - C  MARS-OPT 


DELRL 

-0.8096E-03 

-0.20396-02 


VOL/W 

0.1408E  01 
0.1219E  01 
0.9950E  00 
0.7037E  00 
0.I872E-03 
-0.7049E  00 
-0.99776  00 
-0.12236  01 
-0. 14 146  01 
-0.12256  01 
-0.10006  01 
-0.70716  00 
0. 18726-03 
0.70596  00 
0.99756  00 
0.12216  01 


vac/w 

0.6676E  00 
0.1056E  01 
0.U45E  01 
0.1156E  01 
0.94836  00 
0.4874E-00 
0 . 1984E-00 
-0. 1016E-00 
-0.73706  00 
-0.1055E  01 
-0.11436  01 
-0.1153E  01 
-0.94306  00 
-0.4869E-00 
-0.2010E-00 
0. 10126-00 


-0 . 2406E-02 
-0 . 2464E-02 
-0.1675E-02 
-0.451 IE-03 
-0 . 7694E-04 
-0.1923E-04 
-0. 101 16-02 
-0.20766-02 
-0. 2439E-02 
-0.2481E-02 
-0.16736-02 
-0.4441E-03 
-0. 78696-04 
-0. 1923E-04 


DELRC 

0.6161E  00 
0.97306  00 
0.10626  01 
0.10756  01 
0.8864E  00 
0.4591E-00 
0.1893E-00 
-0.91536-01 
-0.68836  00 
-0.98666  00 
-0.1070E  01 
-0.1079E  01 
-0.8862E  00 
-0.45606-00 
-0. 19036-00 
0 . 9034E-0 1 


OUTBOUND  ERROR  analysis 


CLASS 

IN— 

-0,0 - C  MARS 

VOL/W 

voc/w 

0. 1435E 

01 

0.70106  00 

0. 12426 

01 

0.10806  01 

0. 10146 

01 

0.11636  01 

0.7171E 

00 

0.11686  01 

0.20146 

-03 

0.9419E  00 

-0.71836 

00 

0 . 4650E-00 

-0.1017E 

01 

0. 1713E-00 

-0.1246E 

01 

-0.1 345E-00 

-0. 14416 

01 

-0.7704E  00 

-0. 1249E 

01 

-0. 10836  01 

-0.10196 

01 

-0.11646  01 

-0.72066 

00 

-0. 11656  01 

0.21566 

-03 

-0.94UE  00 

0. 7193E 

00 

-0.4656E-00 

0. 10166 

01 

-0.17106-00 

0.12446 

01 

0.1341 C-00 

CLOSE 


DELRL 

DELRC 

-0 . 8935E-03 

0.64716 

00 

-0.2137E-02 

0. 1001E 

01 

-0.2485E-02 

0.10806 

01 

-0.2514E-O2 

0.10866 

01 

-0.1652E-02 

0.88046 

00 

-0.41096-03 

0.4381E- 

-00 

-0.57706-04 

0.16396 

-00 

-0.3322E-04 

-0.12246- 

-00 

-0.1 105E-02 

-0.7198E 

00 

-0.2191E-02 

-0.10146 

01 

-0 . 2527E-02 

-0.10396 

01 

-0.2530E-02 

-0.1090C 

01 

-0 • 1649E-02 

-0.37966 

00 

• -0.40576-03 

-0.4362c 

-00 

-0 . 5770E-04 

-0.16246 

-00 

-0. 3322E-04 

0.12096 

-00 
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1FUNK  CPTIPLP  2- ST  AGE  TRAJECTORY 

DIMENSION  FI  I( 21 )  ,RO< 10), V0( 1C), HEAD!  12) 

800  REAC  INPUT  TAPE  2 , 200 , HEAD . G , V  IN , ft I N , RS.F 1 1 N , OF  I , RC IN , CRC I N , 

800  1VE.RE .GE.CCVI , I C 1 , NCRM 1 , NCRM2 , L , P , N , PCERR 

200  FCRPAT(12A6,/8E9.0,/AE1C.C,I5,/2I5,/3I5,E10.C) 

850  WRITE  OUTPUT  TAPE  3, 300, HEAD 

300  FCRPAT ( 27F1GPT IMUM  2-STAGE  TRAJECTORY/  / 12A6,/) 

A  I CUAL=0 
OAO 1  JCUAL=0 

801  READ  INPUT  TAPE  2 , 20 1 , RMAX , RM  IN 

201  FCRPAT ( 2E  10  .C ) 

802  WRITE  OUTPUT  TAPE  3 , 3 l C , RP IN , RP AX , R IN , RE , PCERR  ,  L , 

802  1  RC1N.FI  IN,VIN,VE,CCVI,M,  CRO IN , CFI , G , GE , IC  I  ,N,  RS 

310  FCRPAT ( lX,6ERMIN  = , E 1 1 . A , 3X , 5HRMAX= , E 1 1 . A , 3X . AHR I N= , E l 1 . A , 3 X , 
310  1  3HHE=,Ell.A,3X,fcHPCERR*,Ell.A,3X,2HL=,l3  /  lX.fcHRCIN  =,E11.A, 
310  2  3X,5HFIIN=,Ell.A,3X,AhVIN=fEll.A,3X,3HVE*,Ell.A,3Xf6HCDVI  =, 
310  3  C 1 1 . A , 3X , 2HP  =  , I  3  /  IX , fcHDRO  IN= , E 1 1 . A , 3X , 5HDF I  =,E11.A,3X, 

310  A  AHG  =  ,EU.A,3X,3HGE  =  ,E11.A,3X,6HICI  -  ,  1  3  ,  1 1 X  ,  2HN=  ,13  / 

310  5  1 X  »  6HRS  =  ,  E  1 1 .  A  ) 

0A02  KCUAL=0 

OAO 3  K2CUAL  =  0 

OAO A  ACRCY=1.+PCERR 

17  PI  =  3.  1 A 15927 

803  REAC  INPUT  TAPE  2, 203, DATA 
203  FCRPAT  (E10.0) 

IF(NCRMl)  101,101,1 
C  NON-NCRPAU  IZE 
1  RS=RS«RE 
0102  VIN=VIN»VE 
0103  G=G«GE 

GC  TO  10A 

C  NCRPALIZE  TC  PLANET  PARAMETERS 

101  R  1N  =  R  IN/RS 

RCIN=RCIN/RS 
CRC IN=DRC IN/RS 
RPAX  =  RPAX/RS 
ft P I N  =  RP  IN/RS 
10A  VCS=SCRTF(G/RS) 

V  IN  =  V  IN/VCS 

C  CONVERT  ANGLES  DEGRE ES-TO-R AC  IANS 

0106  FIIN=.017A53293«FIIN 
0107  DFI=.017A53293«CFI 
C  CALCULATE  REF.  OPTIMUMS  . 

0108  VINSC=VIN«*2 
PE=l.O/RIN 
PE2  =  PE»2 .0 
E  =  V INSC/2  .C-PE 
CPTRCN=  1.0/E 
CPTRC=CPTRCN«RS 
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CPTDVN=SCRTF(E) 

CPTCV=OPTCVN«VCS 
CPTDVE=CPTCV/VE 
CPTH=2.0/CPTCVN 
SCPTFI=CFTH/IRIN»VIN1 
CPTFI  =  ASlN(SOPTFI  ) 

GPTF1=CPTFI«57.2957B0 

0109  WRITE  OUTPUT  TAPE  3 , 3 16 , OP TRON ,  GPTDVE , OP TF 1  ,  OP TRC  ,  CPTDV 
316  FORMAT ( IX , 12FCPTRCN  = , E l 5 . B . 1 2X , 10H0P TDVE  =,E15.8,10X, 

316  1  6HCPTF  I  =  , E  1 5 - 8  /  IX , 12H0PT DV ( KK/S > = , E 15 . 8 , 12X , ICHCP TRO t KM ) = , 
316  2  E15.8) 

C  GENERATE  F  X I (  1)  MATRIX 

2  FU(l)=FlIN 
0031=2,1 

3  FIH  1  >  =  F  I  1 1  I-D+OFI 

42  WRITE  OUTPUT  TAPE  3,306 

306  FORMAT I/2X.9F  FI  INIT.,3X,11F  ORfi . RAD  I U S , 3X , 9H  TOTAL  DV,3X, 

306  111H  CV  AT  CRB • , 2X ,  10H  DV  AT  RIN  ,  6X,  3H  FI  ,  5X, 

306  2  AH  PSI  ,  1CX,  2H  V  ) 

4201  IF(NCRM2)45,',5,4402 
4402  WRITE  OUTPUT  TAPE  3,301 

301  FORMAT (3X,7HCEGR£ES,  8X,3H/RS,  8 X, 3 ( 7H /OPT .  D V , 6 X ) , 

301  1  2( 7FDEGREES,7XI,3H/VE»/) 

4401  GO  TO  5 

45  WRITE  OUTPUT  TAPE  3,302 

302  FORM AT ( 3X, 7HC EGRE ES , 6X , 1CFK ILCMET ER S, 3 (3X.10HKM./ SECOND), 

302  l  2(4X,7HC£GREES),5X,  10HKM. /SECOND,/) 

C  START  LOOP  FOR  EACH  INIT.  CONC. 

5  DC  50  1=1, L 

C  RESET  OPTIMUM  FOR  NEXT  I.C. 

0501  PCCVT=OCVI 
0502  I  C2=  ICI 
503  CUT2=0 

C  GENERATE  RC(J)  MATRIX 

6  RC:i)=ROIN 
0601  CH0=CRCIN 

7  0C8J=2,M 

8  RC( J)=RC( J-IJhCKO 

C  RESET  OPT  FCR  NEXT  SET  OF  RO(J) 

SCCVT  =  OC V  I 

C  START  LOOP  FOR  EACH  ORfi I T AL  RADIUS 

9  CC  36  J=1,M 

0911  I F ( RMAX-RC I J7  )  36,0912,0912 
0912  IFIRCI JI-RMIN J  36,0901,0901 
C  RESET  CPT.  FCR  NEXT  RADIUS 

0901  OCCVT  =OCV  I 
0902  I Cl=  I C I 
0903  CUT  1=0 
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C  START  PRELIM.  CALC.  RASED  ON  RO(  I ) 
VCSQ=1.0/RC< J ) 

VC=SCRTF I VCSC ) 

VPARSC=2 .  0*VCSQ 
VPAR=SQRTF(VPARSQ > 

CVC=  (SCRTFl  VINSC  +  VPARSO-VPAR  )/  9.C 
C  GENERATE  VC(K)  MATRIX 

11  VC( l)=VPAR+{CV0/2.  ) 

12  DC13K=2,1C 

13  VC(K)=VC(K-1)+CV0 

C  RESET  OPTIMUM  FCR  NEXT  SET  OF  V0(K) 

CCVT  =  GDV  I 

C  START  LCOP  FCR  EACHVO 

14  CC25K=1,1C 

C  TEST  FCR  NCN-HYPERBCLIC  PATFS 

15  I F ( VC(K )-VPAR ) 25,25, 16 
C  START  CALC.  FCR  ♦  VALUES 

16  CVC=VC ( K )-VC 

1601  Z  A  =  VG  I  K ) «*2— VPARSG 
H  =  RC ( J  )  *VC ( K  } 

VSC=PE2*ZA 
V=SCRTF ( VSC ) 

SFI=H/(RIN«V) 

F  1  =  AS  IN  ISFI) 

DEL F I  =  F I-F 1 1 1  I ) 

1602  CCELFI  =  CCSF(CELFI  ) 

1603  SCELFI=SINF(CELFI  ) 

18  VCR  =  V*SC  E  LF I 
VLG=V*CCELF  I 

19  DVLG  =  V  IN-VLG 
TTHET  A  =  VCR/CVLG 

21  THETA=ATANF(TTHETA) 

20  CV=ABSF< VCR/SINFITHETA)) 

2105  DVT=CV+CVC 

C  TEST  FCR  OPTIMUM 

22  IF<CCVT-CVT)25,25,24 
C  STORE  OPTIMUMS 

24  CCVT  =  DVT 
CVC=VC{ K  ) 

25  CONTINUE 

C  END  CF  LCOP  FCR  EACH  VO 

26  IF(CCVT-CCCVT)27, 2902,28 

C  TEST  CONVERGENCE  FCR  VC ( K  )- I  TER A T ION 

27  I F(C0VT«ACRCY-00CVT)2 70 1,2702,2702 

2701  IF(  IC1-M27C3, 2102,2702 

2702  CUT  1  =  1 

C  STCRE  CLC  OPTIMUMS 

2703  OCOVT=OCVT 
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2705  CCVC=CVC 

2706  IF(CUT1  12707,2707,2902 

2707  IC1=IC1+1 

C  BRACKET  OPTIMUM  VO 

2708  CVC=.1*CVC 

2  781  I  F<CVC-( 5.0 £-09)12  90  2, 2902, 2782 
2782  VC( 1)=OOVG-4.5*CVO 

2709  GC  TC  12 

C  END  CF  VC ( K ) - 1 T  E  R AT IGN  LOOP 
28  IF(CC0VT*ACRCY-0DVT)2801,?902,29C2 

2801  I  F ( ICI-NJ2707, 2902, 2902 
2902  IF(DRG)3C,2904,30 
2904  PCCVT=CCCVT 
PCVC=OOVG 
PCRO=RO( J  ) 

2906  GC  TC  4102 

C  TEST  FCR  SUPER-OPTIMUM  AND  STORE 
30  IF<SCOVT-COCVT )  36, 36, 32 

32  SCCVT=CCC VT 
SCVC=GCVC 

33  SCRC*RC ( J ) 

36  CONTINUE 

C  END  CF  LCCP  FCR  EACH  RADIUS 

38  I  F ( SCCVT-POCVT )  39, 4102,40 

C  TEST  CONVERGENCE  FOR  RO(J)— ITERATION 

39  IF (SCCVT«ACRCY-PODVT  J39C1, 3902,  39  02 

3901  I  F  (  IC.2-N)3903,3902,3902 

3902  CUT 2= 1 

C  STORE  PREVIOUS  SUPER-OPTIMUMS 

3903  PCCVT=SCCVT 
PCVC=SOVC 

3905  PCRC=SORO 

3907  IF(CUT?)3908, 3908, 4102 

3908  I C2= I C2+ 1 

C  BRACKET  OPTIMUM  RC 

3909  DRC= . 1 »CRC 

3991  IF (CR0-{ 5. 0E-09) 14102,4102,3592 

3992  RC( l)=PCRC-4.5*DRO 

3910  GC  TO  7 

C  END  OF  RO ( J )- ITER  A  T  ION  LOOP 

40  IF (PCDVT«ACRCY-SODVT  HOC  1,4102,4 102 
4001  IFUC2-N)  3908, 4102,4102 

C  PREPARE  DATA  FOR  OUPUT 
4102  VCSC=  l.C/PORC 
VC  =  SCRTF ( VCSC  I 
PCDVO=  PCVO-VC 
7A=P0V0*«2-2.0*VCS0 
H=PCRC«PCVC 
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VSC=PE2+ZA 
PCV=SCR  T  F ( VSC  ) 

SFI=F/IRIN«PCV) 

PCF  I  =  AS  IN ( SF  1  ) 

CEL  F  I  =  PCF  I-F  I  t (  I) 

CCELFI  =  CCSF(CELF1  ) 

SCELFI=SINFICELF1  ) 

VCR=PCV*SCELF  I 
VLG=PCV  »CCELF  I 
DV LG=  V  I N— VLG 

C  CCMRECT ICN  ANGLE  CALC. 

TTHE1 A=VCR/CVLG 
TFETA=ATANF(TTHETA) 

PCC V=A8SF( VCR /S INF { THETA)) 

IF  ( CVLG  )  41C3, 4104, 4104 
C  CeTUSE  ANGLE  CALC. 

A 10  3  THE  T  A  =  THE  T A-P  I 
C  ACUTE  ANGLE  TFETA  CALC. 

PS  I  =  P 1- THET  A  +  F  I  III) 

4104  PCPSI=PI-THETA*FI  II  I  ) 

4105  IF(N0RM2)44,44,43 
C  NORMALIZE  CVS  ANC  RO 

43  PCCVT=PCCVT/CPTCVN 
PCCVC=PCCVO/CPTCVN 
PCCV=POCV/CPTCVN 
PCV=PCV*VCS/VE 

GC  TO  46 

C  NCN-NCRMAL IZE  CVS  ANC  RO 

44  PCCVT=PCCVT»VCS 

PCCVO=POCVO«VCS 
PCCV  =  POCV  »VCS 

PCV  =POV  »vcs 

PCRC  =PCRC  «VCS 

C  CONVERT  ANGLES  R AO  I  AN S-TO- CEGR EE S 

46  PCF  I  =  POFI«57. 295780 
PCPSI=PCPSI *57.295780 

47  Fill  I  )=  F  1 1 1  I  )  *  57 . 295780 

48  IF! PCPSI-18C.  150,50,49 

49  PCPSl=POPSI-360. 

50  WRITE  OUTPUT  TAPE  3 , 30 3 , F I  I  (  I  ) , PCRO, PODVT , PODVO , PCCV , PCF I , POPSI  , 

50  1  PCV 

303  FORMAT! 1X,8(E  11.4, 2X)  ) 

C  END  CF  LCCP  FCK  EACH  IN  I T .  COND. 

500  IF(CATA)55O,55O,0OO 
550  WRITE  OUTPUT  TAPE  3,700 
700  FCRMAT ( 15H  ENC  OF  PROGRAM) 

600  CALL  EXIT 

ENC  (  iyOyCyOyOyOy  1 y  0  y  0  y  lfCyQyCyCyC) 
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2FUNK  OPTIMUM  TRAJECTORY  FOR  RANGE  OF  ORBITS 

C  MAIN  PROGRAM 

1000  CIMENSICN  hEAC!  12) 

2000  R E AC  INPUT  TAPE  2, 2001, HEAD  ,  G , V I N , R I N , RS , VERR , VRERR 

2001  FORMAT ( 1 2  A6  ,  /  £ E  1 C  .  C  ) 

3000  WRITE  OUTPUT  TAPE  3, 3001, HEAC  , G , V  I N , R I N , R S  ,  VE RR , VR ERR 

3001  FORMAT!  IF  l,9X  ,  12A6//  ICX,  lOUNPLT  DATA/ 

30011  17X,2HG=,Ell.A,  5 X , AH V  I N  =  ,  E 1 1 .  A  ,  5 X , AHR 1 N  =  ,  E 1 1 .  A / 

30012  lfcX,3FRS=, Ell. A,  A  X , 5H V ERR* , E  1 1 .  A  ,  3X , 6h VRERR  = , E  1 1 . A  ) 

C  CONVERT  NORMALIZATION  LOCAL  NORMAL 

1  VCSESC=3SS. 0/6.3/ 

2  VCS=SCRTF (VCSESG«G/RS ) 

3  RS=RS«637C.0 

A  V  I N  =  V  IN«29.8/VCS 

C  CALCULATE  ERROR  ANGLES 

5  CELFI=AT  ANF(VRERR) 

6  F IE«=ATANF!V£RR) 

3002  WRITE  OUTPUT  TAPE  3, 3003 , VCS ,  RS , V  IN , F  I ER , DE LF  I 

3003  FORMAT!//  ICX,  2AHLCCAL  NORMALIZATION  DATA/ 

30031  3CX,  9FVCS1K/S1*  ,E11.A,  3  X  ,  6F  R  S  ( K  )  = ,  E  1 1 .  A  ,  / 

30032  10X,lCFvIN(NCRM!=,Ell.A,  3X , SHF  I ER= , E 1 1 .  A ,  3X,6HDELFI-,£11.A) 

C  THEORETICAL  OPTIMUM  TRAJECTORY 

7  VINSC=VIN*«2 

8  PE2=2.0/RIN 

9  E2  =  V  INSC-PE2 

10  RCX=2.0/E2 

11  CVX=SCRTF(E2*0.5) 

12  HX=2.0/CVX 

13  FIX  =  ASIN'(HX/(RIN»VIN)) 

1A  CVXC=CVX«VC$ 

15  RCXC=RQX«RS 

16  FIXC=FIX«57. 29578 

300 A  WRITE  OUTPUT  TAPE  3 , 3005 , ROX , C VX , F I  X , ROXC , D VXD , F I XD 

3005  FORMAT!//  10X,  30HTHE0RET ICAL  OPTIMUM,  TRAJECTORY/ 

30051  15X,AERCX  =  ,EU  .A,  5X , A HC V X= , E 1 1 . A ,  5X , AHF 1 X=  ,  E  1 1 .  A  ,  / 

30052  12X,7HRCX(K )=,Eil.A»  9HC VX ( K / S ) = , E 1 1 . A ,  9H  F 1 X 1 D  )  =  ,  E 1 1 . A ) 

2002  REAC  INPUT  TAPE  2 , 20C 3 , RCR , RM AX , RM I N , RERR 

2003  FORMAT ( AE  10 .C ) 

3006  WRITE  OUTPUT  TAPE  3, 3007 , ROR , RM AX , RM IN ,RERR 

3007  FORMAT!//  ICX,  10HINPUT  DATA/ 

30071  15X,AFR0R-,Ell.A,  A  X , 5FRM A  X  =  , 1 1 1 . A ,  AX , 5HRM I N * , E 1 1 . A ,/ 

30072  IAX,5HREHR*,E11.A) 

C  CHECK  REFERENCE  OPTIMUM  AGAINST  CRRITAL  RANGE 

17  IF(RCR)18,1E,23 

18  1F(RMAX-RCX)20, 19,19 

19  TF(ROX-RMIN)22,25,25 

C  USE  LIMIT  FOR  REF.  OUT  OF  RANGE 

20  ROR=RM.  AX 

21  GC  TC  23 
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2FUNK  OPTIMUM  TRAJECTORY  FOR  RANGE  OF  ORBITS 


22  RCR*RMIN 

23  CALL  RTRAJI RCR.V IN,V INSC.R  IN,PE2,FI  IN  ) 

2 A  GC  TC  261 

25  R  C  R  =  R  C  X 

26  F  I  IN=  F  I X 

261  F I  1 N  C  =  F 1 IN«57. 29578 

3G0a  WRITE  CUTPUT  TAPE  3,  3009 , ROR , F I  I N , F I  I ND 

3C09  FCHMATI//  10X,  35HGPT I  RUM  REFERENCE  TRAJECTORY  VALUES/ 

30091  15X,AFRCR=, Ell. A,  A  X , 5F F I  I N  =  , E 1 1 . A ,  9H  F 1 1 N ( D )  =  , E 1 1 . A ) 

27  I Z= 1 

C  CUTER  ERROR  ANALYSIS 
C  DETERMINE  ALLOWANCE  LIMIT 

28  RLIM=RMAX+RERR«(RMAX-1.0) 

C  FINC  INITIAL  CCNCITIONS  CUE  TC  MICCOURSE  ERROR 

281  VlSC=VlNSC«l 1.0+VERR«»2) 

282  Vl=SCRTF(VISC) 

283  F 1 1  =  F  IER  +  F  I  IN 

301C  WRITE  CUTPUT  TAPE  3 , 3 0  1 1 , R L  IM , V  1 ,  F 1  I 

3011  FORMAT ( IP1»9X»20H0UTER  ERROR  ANALYSIS  / 

30111  1AX,5HRLIM=,E11.A,  6X , 3F V  I  =  , E 1 1 . A ,  5X , AHF 1 1  = ,  E 11 . A ) 

29  GC  TC  3 A 

C  INNER  ERRCR  ANALYSIS 
C  CETERMINE  ALLOWANCE  LIMIT 

30  RHM  =  RMIN-RERRMRMIN-1.0) 

C  FINC  INITIAL  CCNCITICNS  DUE  TC  MICCOLRSE  ERRCR 

31  FII=FIIN-FIER 

32  CELFI*(-1.0)«CElFI 

3012  WRITE  OUTPUT  TAPE  3, 30 13, RL  IM , V  1 , F I  I 

3013  FORMAT (  IF  1 ,  9X.20HINNER  ERROR  ANALYSIS/ 

30131  1AX,5HRLIM=,E11.A,  6X ,  3H  V  I  *  ,  E  1 1 .  A  ,  5X , AHF 1 1  * ,E 1 1 . A ) 

C  DETERMINE  OPTIMUM  REFERENCE  TRAJECTORY 
3A  CALL  REFCFT<VI,VIS0,FII,RIN,RMAX,RMIN,DVX,PE2,HR,ZAR,  FIR,RGR,FC) 
C  END  CF  LCCPS  FOR  INNER  AND  CUTER  ERROR  CALCULATIONS 
C  DETERMINE  OPTIMUM  SEQUENCE  OF  CORRECTIONS 
AO  CALL  CPTSEC(RIN,ROR,FR,ZAR,RLIM!,DELFI,IZ,DVX,FC> 

A  1  I F ( 1Z)2CCA,2C0A,A2 

200 A  REAC  INPUT  TAPE  2,2005,CATA 

2005  FORMAT  (E10.C) 

All  IF(CATA)  3016,3016,2000 
A2  IZ=0 
A3  GC  TC  30 

3016  WRITE  CUTPUT  TAPE  3,3017 

3017  FORMAT ( ///  10X,  1AHENC  CF  PROGRAM ) 

AA  CALL  EXIT 

ENC!1,0,0,0,C,0,1,0,0,1,0,0,C,C,C) 
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SUBROUTINE  RTRAJ { RO , V I , V  I SQ , R I , PE2, F I ) 

SUBROUTINE  RT RA J ( RO, V I , V  I SQ, R I , PE 2 , F I ) 

1  VLIM=0.0001*VI 

2  VC SCSC=2 .O/RO 

3  VBSC=SURTF ( VESCSQ) 

A  VO=SQRTF(VISQ+VESCSQ) 

5  CVO=(VO-VESC)/9.0 

6  ZA= V  I  SO 

7  GO  TO  10 

8  VO=VO-CVG 

9  ZA=V0»*2-VESCSQ 

10  H=RQ*VO 

11  V=SQRTF(PE2+ZA) 

12  OV=V-VI 

13  I F ( OV ) 16 , 20 , 1 A 

1A  VQ2= VO 

15  GG  TO  8 

16  I F ( DV+VL I M  )  17,20,20 

17  CVC=0.1*CV0 

18  VQ= V02 

19  GO  TO  8 

20  FI=ASIN(H/(RI*V)  > 

RETURN 

ENO 11, 0,0, 0,0, 0,1, 0,0, 1,0, 0,0, 0,0) 
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SUBROUTINE  REFOPT ( V l , V  ISO, F 1 1 ,R I ,RMAX,RMIN,DVX ,PE2 , H, ZA ,F l ,R05 ,F3 ) 


C  PRELIMINARY  CALCULATIONS 

1  ACC=1.0E-04 

2  0KO»(RMAX-RMIN)/9.0 

3  RC=RMIN-CR0 

301  F5=9.9E*05 

C  START  LOOP  FOR  EACH  RADII  SET 

4  F4=9.9E+05 

C  START  LOOP  FOR  EACH  RADIUS 

5  DC  53  J=1,10 

6  RG=RO+DRC 

C  TCST  FOR  RO  OUTSIDE  RANGE 

601  I F ( RMAX-RG )  54,7,602 

602  IF(RO-RMIN)  53,7,7 

7  F3=9.9t+05 

8  10=0 

9  VESCSl)  =  2  «0/R0 

10  VCSO*VESCS0/2.O 

11  VC=SQRTF ( VCSC  ) 

12  VESC=SQRTF( VESCSQ) 

13  CVU=(SQRTF( VISQ+VESCStt)-VESC)/9.0 

14  V0=VESC-0.5»CV0 

C  START  LOOP  FOR  EACH  VELOCITY  SET 

15  F2=9.9E*05 

C  START  LOOP  FOR  EACH  VELOCITY 

16  DO  33  K  =  1 ,10 

17  VO-VO+CVC 

C  TEST  FOR  NON-HYPERBOLIC  PATHS 
171  I F I VO-VESC )  33,33,18 

18  DVO-VO-VC 

19  ZA=V0*»2 -VESCSQ 

20  H=RO»VO 

21  V=SQRTF(PE2*ZA) 

22  FI=ASINIH/(RI»V)> 

23  DH=F  I-F  1 1 

24  VCK=V»S INF  I  OF l ) 

25  VLG=V*C0SF(DFI1 

26  OVLG’VI-VLG 

27  THETA=A  TANF ( VCR/DVLG ) 

28  OV=ABSF(VCR/SINF (THETA)) 

29  F 1=0V+DV0 

30  I F ( F2-F 1 ) 33 , 33,31 

31  F2=Fl 

32  VGZ*VO 

33  CONTINUE 

C  END  OF  LOOP  FOR  EACH  VELOCITY 

34  DF=F3-F2 

35  I F l OF ) 38 , 38 , 36 

36  F3»F2 

37  VU3-V02 


ga/phys/63-5,6 

SUbROUT I N£  REFOPT) Vi, V1SQ.FI I ,RI,RMAX,RMIN,0VX,PE2,H,ZA,FI ,R05,F3) 


3  a 

DFC=A8SF(0F)-ACC 

39 

IF(DFC»45,45,40 

AO 

IFl 101-20)41,3001, 3001 

41 

IC1=IC1+1 

42 

cvo=o.i«cvo 

43 

VG=V03-4.5»CVC 

44 

GO  TO  15 

C  END 

OF  LOOP  FOR  EACH  VELOCITY  ITERATION 

3  001 

WRITE  OUTPUT  TAPE  3,3002 

300? 

FORMAT) 10X,6HIC1=20) 

45 

IF(DR0)49,46,49 

46 

F5  =  F3 

47 

V05=V03 

48 

GO  TO  66 

C  CHECK  FOR  FIXfcD  RO 

49 

IF(F4-F3)53,53,50 

50 

F4=F  3 

51 

VC4-V03 

52 

RG4=R0 

53 

CONTINUE 

C  END 

OF  LOOP  FOR  EACH  RADIUS 

54 

0F=F5-F4 

55 

IF)  DF 159,59, 56 

56 

F5  =  F4 

57 

V05=V04 

58 

R05  =  RG4 

59 

0FC=A8SF!UF)-ACC 

60 

I  F ( OFC ) 66,66,61 

61 

I H  t IC2-20  » 62 , 3003, 3003 

62 

IC2=IC2*1 

63 

0R0=0. 1  »DR0 

64 

RC=R05-4.5»DR0 

641 

GO  TO  4 

C  END 

OF  LOOP  FOR  EACH  RADIUS  ITERATION 

3003 

WRITE  OUTPUT  TAPE  3,3004 

3004 

FORMAT) 10X.6HIC2-20) 

C  COMPUTE  OUTPUT  DATA 

65 

VESCSQ=2.0/R05 

66 

VCSQ»VESCSQ/2.0 

67 

VC=SQRTF ( VCSQ ) 

68 

DV0=V05-VC 

69 

ZA=V05*«2-VESCSQ 

70 

A= 1 . 0/ 2  A 

71 

H=R05»V05 

711 

VS0=PE2+ZA 

72 

V=SQRTF( VSQ) 

73 

F 1  =  AS  I N ) H/ ( R l •  VI) 

74 

DF I=F I-FI I 

K 
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SUBROUTINE  REFQPT ( V I , V ISO . F 1 1 , R I , RMAX , RMIN,DVX , PE2 ,H, 2A ,F I , R05 , F 3 ) 


75  VCR  =  V*S I NF ( OF  I ) 

76  VLG  =  V»CO$F(DFI  ) 

77  OYLG=V  1-VLG 

78  THtTA=ATANF(VCR/DVLG> 

79  DV=ABSF< VCR/SINFI THETA) ) 

80  EC=R05»ZA+1.0 

81  P I =3. 141 592 

82  CKTO=57. 29578 

83  IF(0VLG)84,85,85 

84  THETA=TH£TA-P  I 

85  PSI  =  PI-THETA*FI  I 

86  PS  I D=PS I »CRTO 

87  THETAD=THETA*CRTO 

88  FID=F1*CRTD 

3005  WRITE  OUTPUT  TAPE  3, 3006 , F ID, PS  ID, THETAD 

3006  FORMAT  <//10X,31HREFERtNCE  TRAJECTORY  PARAMETERS/ 

30061  13X,6HFI(D)  =  ,E11.4,2X,  /HPS 1 1 D I  = , El  1 . 4, 9HTHET A t D )  =  , E 1 1 . 4 ) 

89  F1=F5/0VX 

90  F2=DVQ/DVX 

91  F3=DV/0VX 

3007  WRITE  OUTPUT  TAPE  3, 3008, F l , F2, F3, R05, A,H , EC 

3008  F0RMAT(15X,  4HDVT*,  F.  1 1 .4 ,  5X . 4HDV0= , El 1 .4,  6X,  3HDV  =  ,  E  11.4/ 

30081  16  X , 3HR0= , E 1 1 .4,  7X , 2HA* , E 1 1 .4,  7X , 2HH» , E 1 1 . 4/ 16X , 3HEC= , E l 1. 4 ) 

RETURN 

END ( 1,0,0, 0,0,0, 1,0,0, 1,0, 0,0, 0,0) 


GA/PHYS/63-5  1 1> 


SUBROUTINE  CPTSEQlRIN,RCR,HR,ZAR,RLIM,OELFI,IZ,DVX,FC) 


1  Cl  MEN  SION  R ( 100 ) , RC1 ( 15, ICO) ,RC01 15 ) , VR( ICO > ,FIR ( ICO ) ,H ( 100)  , 

1  1  PE2 ( 100  ) ,  RC2(15,100),FH100)iF2(lCC) 

2001  REAC  INPUT  TAPE  2,2002, 1L.NL 

2002  FORMAT ( 2  I  10 ) 

C  N=  l  ANALYSIS 

2  CALL  RMATX! I L , R I N , RCR , HR , Z AR , DEL F  I ,  R , F I R , H , VR , PE  2 ) 

3  FCPT=9.9E+05 

301  RCC (  1  )  =  C  .0 

4  IF(IZ)  3022,3022,3020 
C  CUTTER  ERROR  ANALYSIS 

3020  WRITE  OUTPUT  TAPE  3,3021 

302  1  FORMAT!  in,  1CX,  36HPOSSIBLE  ORBITAL  IMPULSES  (DV/VCS)— , 

30211  13h  OUTER  ERRORS  //) 

5  CC  16  1  =  2,  IL 

6  EC=SCRTF(E( I)«»2*ZAR  +1.0 

7  RC=IEC-1.0)/ZAR 

8  IF(RC-RLIM)9,9,3G 

9  VCSC=1.0/RC 

1C  VC=SCRTF! ZAR+2.0+VCSQ) 

101  VC  =  SCRTF ( VCSC  ) 

11  F2 ( I ) =VC-VC  ■ 

3013  WRITE  OUTPUT  TAPE  3,  30  14  ,  I ,  F2  1. 1  ) ,  RO 

3014  FORMAT! 1CX,3EF0(, 1 3, 2H )  =  , E 1 1 . 4 , 5X , 3HR0  = , E 1 1 . 4 ) 

12  RC2 (  1 , I )  =  RG 

13  IF(I-IL)  16,14,16 

14  FCPT  =  F2 (  I  ) 

15  RCC! 1)  =  RC2< 1,  I  ) 

16  CONTINUE 
1602  GO  TO  32 

C  INNER  ERROR  ANALYSIS 

3022  WRITE  OUTPUT  TAPE  3,3023 

3023  FCRMATllHl.lCX,  36HP0SS I BLE  ORBITAL  IMPULSES  IDV/VCS)— , 

30231  13H  INNER  ERRORS  / / ) 

17  UC  28  1=2, IL 

18  EC  =  SGRTF(M  1)«*2»ZAR  +1.0 

19  RC=(EC-1.0)/ZAR 

20  IF(RC-RL1M)3C,21,21 

21  VCSC=1.0/HC 

22  VC=SCRTF(ZAR+2.0«VCSQ) 

221  VC  =  SCRT  F ! VCSC  ) 

23  F2 ( 1 ) =VC- VC 

3015  WRITE  OUTPUT  TAPE  3, 30 14 , I , F 2 ( I ) , RO 

24  RC2 ( 1 , I )  =  RC 

25  IF(I-IL)  28,26,28 

26  FCPT  =  F2 1  I  ) 

27  RCC! 1)=RC2( 1,  1) 

28  CONTINUE 


GA/PHYS/63-5,6 


SIERCUT INE  CFTSEQ(RIN,RCR,HR,ZAR,RLIM,DELFI, IZ,DVX,FC) 


29  GC  TC  32 

30  IF( 1-2)3001,3001,32 

3001  WRITE  OUTPUT  TAPE  3,3002 

3002  FORMAT ( 10X,  15HGRID  TOO  COARSE  ) 

31  RETURN 

32  1 K  = I —  1 

321  FCPT-FCPT/DVX  +FC 

322  IF(IZ)  3C24, 3024, 3CC3 

3003  WRITE  OUTPUT  TAPE  3,3004, FOPT ,RCC(  1) 

3004  FCRMATI 1F1,9X,  27HN- CORRECT  ION  IMPULSE  TOTALS/ 

30041  1CX,  12HGUTER  ERRORS  //, 

30042  11X.8PF0PT  1=,E11.4,  5X , 4HRC0= , E 1 1 . 4  ) 

323  GC  TC  33 

3024  WRITE  OUTPUT  TAPE  3 , 3025 , FGPT , RCO (  1 ) 

3025  FORMAT ( 1H 1 , 9X  »  27HN-CORRECT  ICN  IMPULSE  TOTALS/ 

30251  10X,  12H INNER  ERRORS  //, 

30252  11X.8FF0PT  1=,E11.4,  5X , 4HRC0  =  , E 1 1 . 4 ) 

C  N=  2  CR  MCRE  ANALYSIS 


33 

DC 

66  N=2 , NL 

34 

FCPT  =9 .9E+05 

341 

IF(N-NL)  35,342,342 

342 

IE 

=  I L 

343 

GC 

TC  351 

35 

IE 

=  N+  1 

351 

N  1 

=N—  1 

C  START  INIT-RACIUS  LOOP 

36  DC  611  I  =  I E  » IL 

37  Fill )=9.9E+05 

38  11=1-1 

C  START  CGRR-RAC IUS  LOOP 

39  DC  57  L=N  ,  1 1 

40  SFI=H(I)/(R(L)«VR(L)) 

41  IFC  ABSFC  SFI  )— 1.0)  42,42,57 

42  FI=ASIN(SFI) 

43  DFI=FI-FIR(L) 

44  VCR=VR(L)«SINF(  DFI  ) 

45  VLG=VR(L) «CCSF( CFI  ) 

46  DVLG  =  VR ( L  J-VLG 

47  THETA=ATANF(VCR/CVLG) 

48  DV=ABSF(VCR/S INFITHETA) ) 

49  F  =  CV  +  F2 ( L  ) 

50  IF(F-FUI)  151,55,55 

51  F  1  (  I )  =F 

52  DC  53  M= l , N 1 

53  RCllM.I  )  =  RC2IM,L) 

54  RC1(N.I)=R(L! 


GA/PHYS/63-5,6 

SUBROUTINE  C PTSEC ( R IN , RCR , HR , Z AR , RL IM , DEL F  I ,  I  Z  ,  DVX , FC  ) 


55  IF!N-2)56,56,57 

56  I  F ( L—  IK  )  57,611,611 

57  CONTINUE 

C  END  CCRR-RAC IUS  LOOP 

611  CONTINUE 

C  END  INIT-RACIUS  LOOP 

59  FCPT=F1 (  IL  ) 

60  DC  61  P=1,N 

61  R  C  C  l  N  )  =  R  C  1  (  N »  IL  ) 

612  FCPT=FOPT/CVX  +FC 

3005  WRITE  OUTPUT  TAPE  3 . 3C06  ,  N , FCPT  , ( M , RCO  I M  ) , M  =  l , N ) 

3006  FCPPAT (/11X,4HFCPT , 13, 1H=»E11.4/ 

300  61  5( 13X.2FRC, 13, 1W  = , E 1 1 . A , 3X , 2FRC , I  3 , 1H  = , E 1 1 . A , 3X , 2HRC  ,  I3.1H 

30062  Ell. A/)) 

62  I  F ( N-NL  5  6  3,67,67 

63  DC  66  1  =  1,  IL 

64  F2 ( I ) =F 1 ( I ) 

65  DC  66  R=1,N 

66  RC2 ( K , I ) a  PC  1 1 M ,  1  ) 

C  END  OF  LOOP  FOR  EACH  N 

67  RETURN 

ENC(1,0,C,C,C,0, 1,0,0, 1,0,0,C,C,C) 
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SUBROUTINE  RMAT X (I L , R I N , RR , HR, Z AR , DEL F I ,  R , F  I R , H , VR , PE  2) 


1  DIMENSION  R{ 100) ,FIR! 100)  ,  H{ IOC ) , VR! 100 ) , PE2 ( 100 ) 

3000  WRITE  OUTPUT  TAPE  3,3001 

3001  FORMAT!///  10X, 16HC0RRECT ION  RADII/ 

30011  21X.1HR,  14X.3HFIR,  13X,2HVR,  14X.1HH) 

2  EL= I L-2 

3  ZEL=1.0/EL 

4  R  (  2  )  =  R  R 

5  RM=(AIN/R(2)  1  *»ZEL 

6  DC.)  3002  '  I  =2 , 1 L 

7  R ( I  +  1  ) =R ( I  )  *RM 

8  PC2( I ) =2.0/R(  I  ) 

9  VRSO=  Z  AR  +  PC  2 1  I  ) 

10  VR( I )=SQRTF (VRSO) 

101  SF IR=  HR/IRII ) * VR {  I  )  ) 

C  S l NE-GREATER-THAN-QNE  TEST 

102  TEST  =  A3SF ( SFIR  )  -  1.0 

103  IF(TEST)  11,11,104 

104  IF (TEST  —  .02  )  105,105,3010 

105  F I R ( I 1  =  1.5707963 

106  GO  TO  12 

11  FIR( 1 )=ASIN(SFIR) 

12  FI=FIR( I  H-DELFl 

13  H ( I ) =HR»S INFIFI )/SINF(FlR( I  )  ) 

14  GO  TO  3002 

3010  WRITE  UUTPUT  TAPE  3 , 30 1 1 ,  RM  ,  PE2 (  I ) , Z AR 

3011  FORMAT ( 10X, 17HASIN  OUT  OF  RANGE/ 

30111  10X, 3HRM=,E11.4,5X,4HPE2=,Ell.4,5X,4HZAR=,E11.4) 

3002  WRITE  OUTPUT  TAPE  3,3003,  I , R(I) , F I R t I ) , VR ( I ) , H (I) 

3003  FORMAT! 10X,I3,4(3X,E11.4)> 

15  RETURN 

END! 1.0,0,0,0,0,1,0,0,1,0,0,0,0,01 


J 
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Qk/  Phye/63-5.6 


Mars  B- Trajectory 
R0»  3.670 


4 
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OPTIMUM  MARS  H-TRAJECToRY  FOR  ORBIT 


RO=3 . 6?0 


CORRECTION  RADII  —  INNER  AND  OUTER  ERRORS 


R 

FIR 

VR 

H 

2 

0.3670E 

01 

0 . 1 57  IE  01 

0.1036E 

01 

0.3802E 

01 

3 

0.3842E 

01 

0.1310E  01 

0.1024E 

01 

0.3818E 

01 

4 

0 . 4022  E 

01 

0.1204E  01 

0.1013E 

01 

0.3824E 

01 

5 

0.421GE 

01 

0.1123E  01 

0.1002E 

01 

0.3830E 

01 

6 

0.4408E 

01 

0.1056E  01 

0.9912E 

00 

0.3835E 

01 

7 

0.4614E 

01 

0.9977E  00 

0.9809E 

00 

0.3839E 

01 

8 

0  .483GE 

01 

0.9456E  00 

0.97 10E 

00 

0.3844L 

01 

9 

0.5056E 

01 

0.8983E  00 

0.9614E 

00 

0.3848E 

01 

10 

0.5293E 

01 

0.8549E  00 

0. 952  IE 

00 

0.3852E 

01 

11 

0.5541E 

01 

0.8148E  00 

0.9432E 

00 

0.3656E 

01 

12 

0 • 580  IE 

01 

0.7774E  00 

0.9346E 

00 

0.3860E 

01 

13 

0.6073E 

01 

0.7424E  00 

0.9263E 

00 

0.3865b 

01 

14 

0.6357E 

01 

0.7094E  00 

0.9183E 

00 

0.3869E 

01 

15 

0 • 6655  E 

01 

0.6783E  00 

0.9106E 

00 

0.3873E 

01 

16 

0 .6967E 

01 

0.6489E  00 

0.9032E 

00 

0. 3878E 

01 

17 

0.7293E 

01 

0 . 62 1  IE  00 

0.8961E 

00 

0. 3882E 

01 

18 

0.7635E 

01 

0.5946E  00 

0.8892E 

00 

0.3887b 

01 

19 

0.7992E 

01 

0.5694E  00 

0.8826E 

00 

0.3891b 

01 

20 

0.8367E 

01 

0.5453E  00 

0.8762E 

00 

0. 3B96E 

01 

21 

0 • 8759 E 

01 

0.5224E  00 

0.8701E 

00 

0.3901b 

01 

22 

0.9169E 

01 

0.5006E  00 

0.8642E 

00 

0.3907E 

01 

23 

0.9599E 

01 

0 .47960-00 

0.8585E 

00 

0.3912b 

01 

24 

0.1005E 

02 

0.4596E-00 

0.8531E 

00 

0.3918b 

01 

25 

0.105ZE 

02 

0.4405E-00 

0.8478E 

00 

0.3923E 

01 

26 

0.1101E 

02 

0.4222E-00 

0.8428E 

00 

0.3929b 

01 

27 

0. 1153E 

02 

0.4046E-00 

0.8380E 

00 

0.3936E 

01 

28 

0. 1207E 

02 

0.3878E-00 

0.8333E 

00 

0.3942E 

01 

29 

0. 1263E 

02 

0. 371 7E-00 

0.8289E 

00 

0.3949E 

01 

30 

0.1322E 

02 

0 . 3562E-00 

0.8246E 

GO 

0.3956E 

01 

31 

0.1384E 

02 

0.3414E-00 

0.8205E 

00 

0.3963b 

01 

32 

0. 1449E 

02 

0.3272E-00 

0.8165E 

00 

0.3970E 

01 

33 

0. 1517E 

02 

0.3135E-00 

0.8127b 

00 

0.3978b 

01 

34 

0.1588E 

02 

0.3004E-00 

0.8091E 

00 

0.3986E 

01 

35 

0.1663E 

02 

0.2879E-00 

0.8056E 

00 

0.3995b 

01 

36 

0.1741E 

02 

0.2758E-00 

0.8023E 

00 

0.4004b 

01 

37 

0. 1822E 

02 

0.2643E-00 

0.7990E 

00 

0.4013E 

01 

38 

0. 1907E 

02 

0.2532E-00 

0.7960E 

00 

0.40236 

01 

39 

0.1997E 

02 

0.2425E-00 

0.7930E 

00 

0.4033E 

01 

40 

0.2090E 

02 

0. 2323E-00 

0.7902E 

00 

0.4043b 

01 

41 

0.2188E 

02 

0.2225E-00 

0.7875E 

00 

0.4054b 

01 

42 

0  •  229  IE 

02 

0.2131E-00 

0.7849E 

00 

0. 4066b 

01 

43 

0.2398E 

02 

0.204 lfc-00 

0.7824b 

00 

0.4078E 

01 

44 

0.2510E 

02 

0 . 1954E-00 

0.7800E 

00 

0.4090E 

01 

45 

0.2628E 

02 

0.1871E-00 

0.7777E 

00 

0.4104E 

01 

46 

0 .275  IE 

02 

0.1792E-00 

0.7755E 

00 

0.4117E 

01 

47 

0.2880E 

02 

0.1716E-00 

0.7734E 

00 

0.4132E 

01 

48 

0.3015E 

02 

0. 1642E-00 

0.7714b 

00 

G.4146E 

01 

49 

0.3156E 

02 

0. 1572E-00 

0.7695E 

00 

C. 4162b 

01 
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GA/PHYS/63-5,6 

OPTIMUM  MARS  H -Tit  A  J  EC  TORY  FOR  ORBIT  RO=3.670 

R  FIR  VR  H 

50  0.3304E  02  0.1505E-00  0.7676E  00  0.4178E  01 

51  0.3459E  02  G.1441E-00  0.7659E  00  0.4196E  01 

52  0.3621E  02  0.1379E-00  0.7642E  00  0.4213E  01 

53  0.3791E  02  G.1319E-00  0.7625E  00  0.4232E  01 

54  0.3968E  02  0.1263E-00  0.761QE  00  0.4252E  01 

55  0.4154b  02  0.1208E-00  0.7595E  00  0.4272t  01 

56  0.4349E  02  0.1156E-00  0.7581E  00  0.4294E  01 

57  0.4552E  02  0.1106E-00  0.7567E  00  0.4316E  01 

58  0.4766E  02  0.1058E-00  0.7554E  00  0.4339E  01 

59  0 . 4989 E  02  0.  1012E-00  0.7542b  00  0.4364E  01 

60  G.5223E  02  0.9685E-01  0.7530E  00  0.4389b  01 

61  0.5467b  02  0.9264E-01  0.7519E  00  0.4416E  01  * 

62  0.5723E  02  0.8861E-01  0.7508E  00  0.4444E  01 

63  0.5992E  02  0.8476E-01  0.7497E  00  0.4474b  01 

64  0.6272E  02  0.81C6E-01  0.7487E  00  0.4504E  01 

65  0.6566E  02  0.7753E-01  0.7478E  00  0.4537E  01 

66  0.6874E  02  Q.7414E-01  0.7469E  00  0.4570E  01 

67  0.7196E  02  0.7090E-01  0.7460E  00  0.4605E  01 

68  0.7533E  02  0.6780E-01  0.7452E  00  0.4642E  01 

69  ’  0 . 7886 E  02  0.6483E-01  0.7444E  00  0.4681E  01 

70  0.8255E  02  0.6199E-01  0.7436E  00  0.4721E  01 

71  0.8642E  02  0.5927E-01  0.7429E  00  0.4764E  01 

72  0.9047E  02  0.5667E-01  0.7422E  00  0.4808E  01 

73  0.9470E  02  0.5418E-01  0.7415E  CO  0.4854E  01 

74  0.9914E  02  0.5180E-01  0.7409E  00  0.4903E  01 

75  0.1038E  03  0.4952E-01  0.7403E  00  0.4953E  01 

76  G.1086E  03  0.4734E-01  0.7397E  00  0. 5006E  01 

77  0.1137E  03  0.4525E-01  0.7391E  00  0.5062E  01 

78  0.1191E  03  0.4326E-01  0.7386E  00  0.5120E  01 

79  0.1246E  03  0.4135E-01  0.7381E  00  0.5181E  01 

80  0.1305E  03  0.3952E-01  0.7376E  00  0.5245E  01 

81  0.L366E  03  0.3778E-01  0.7371E  00  0.5311E  01 

82  0.1430E  03  0.3611E-01  0.7367E  00  0.5381E  01 

83  0.1497E  03  0.3451E-01  0.7363E  00  0.5454E  01 

84  0.1567E  03  0.3298E-01  0.7358b  00  0.5531E  01 

85  0.1640E  03  0.3152E-01  0.7355E  00  0.5611E  01 

86  0.1717E  03  0.3013E-01  0.7351E  00  0.5695b  01 

87  0.1798E  03  0.2879E-01  0.7347E  00  0.5783E  01 

88  0.1882E  03  0.2752E-01  0.7344E  00  0.5875E  01 

89  0.1970E  03  0.2630E-01  0.7341E  00  0.5971E  01 

90  0.2062E  03  0.2513E-01  0.7338E  00  0.6071b  01 

91  0.2159E  03  0.2402E-01  0.7335E  00  0.6177E  01 

92  0.2260E  03  0.2295E-01  0.7332E  00  0.6287E  01 

93  0.2366E  03  0.2193E-01  0.7329E  00  0.6403E  01  3 

94  0.2477E  03  0.2096E-01  0.7327E  00  0.6524b  01 

95  0.2593E  03  0.2003E-01  0.7324E  00  0.6650E  01 

96  0.2714E  03  0.1914E-01  0.7322E  00  0.6783E  01 

97  0.2842E  03  0.1828E-01  0.7319E  00  0.6921E  01 

98  0.2975E  03  0.1747E-01  0.7317E  00  0.7067E  01 

99  0.3114E  03  0.1669E-01  0.7315E  00  0.7219E  01 

100  0.3260E  03  0.1595E-01  0.7313E  00  0. 7378E  01 
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GA/PHYS/63-5,t> 

OPTIMUM  MAH5  H-TRAJ EC  TORY  FOR  ORBIT  RO=3.£>70 
POSSIBLE  ORbITAL  IMPULSES  (uV/VCS)—  OUTER  ERRORS 


FC( 

2  )  =  G.5142E 

00 

RC=  0.3669E 

01 

FOI 

3 )  =  0.5142E 

CO 

RO  =  C.3669E 

01 

FO  ( 

4)  =  G.5142E 

00 

RD  =  0.36986 

01 

FO  ( 

5  )  =  0.5142E 

00 

RC  =  0.3705E 

01 

FC( 

6 )  =  0.5142E 

00 

R0=  C.3711E 

Cl 

FC  ( 

7 )  =  G. 51426 

00 

RC  =  0.3717 E 

01 

FC  ( 

6)  =  0.51426 

00 

R0=  0.3723E 

01 

FC( 

9 )  =  U.5142E 

CO 

R0=  0.3728E 

01 

FO( 

10 )  =  G.5142E 

00 

RO  =  0.3734E 

01 

FC  ( 

11)=  0.5142E 

00 

RO  =  0.3739E 

01 

FO  ( 

12)=  0.5142c 

CO 

R0=  0.3744E 

01 

FO  ( 

13)=  0.5142E 

00 

R0=  0.3750E 

Cl 

FC( 

14)=  0.5142E 

00 

RO  =  0.3755E 

Cl 

FC( 

15)=  0.5142E 

CO 

R0=  C.3761E 

01 

FO  ( 

16)=  0.5142E 

00 

R0=  0.37676 

01 

FO  ( 

17)=  0.5142E 

CO 

R0=  0.3773E 

01 

FC( 

18 ) =  0.5142E 

00 

RO  =  0.37796 

01 

FO( 

19)=  0.5142E 

00 

R0=  0.3785E 

01 

FG( 

20)=  0.5142E 

00 

R0=  0.3791E 

01 

FO  ( 

21)=  0.5142E 

00 

R0=  0.3798E 

01 

FOl 

22)=  0.5142E 

CO 

R0=  0.38056 

01 

FC( 

23)=  0.51426 

00 

R0=  0 . 381 IE 

01 

FO  I 

24)=  0.51426 

00 

R0=  0.38196 

01 

FO  ( 

25)=  0.5142E 

00 

RO  =  0.3626E 

01 

FO< 

261=  0.51426 

00 

RC=  0.3834E 

Cl 

FC  ( 

27)=  0.51426 

00 

RO  =  0.38426 

01 

FG( 

28)=  0.51426 

00 

R0=  0.38506 

01 

FOI 

29)=  0.5142E 

00 

R0=  0.3859E 

01 

FO( 

30=  0.5142E 

00 

R0=  0.3868E 

01 

FOI 

31)=  0.51426 

00 

R0=  0.38786 

01 

FOI 

32)=  0.5142E 

00 

RO  =  0.36876 

01 

FCI 

33)=  C.5142E 

CO 

RO  =  0.38986 

01 

FOI 

34)=  0 • 5 1426 

00 

RO  =  0.39C8E 

01 

FOI 

35)=  0.5142E 

00 

KO  =  0.39196 

01 

FOI 

36)=  0.51426 

CO 

RO  =  0.39316 

01 
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GA/PHY3/63- 5 , 6 


OPTIMO:  MARS  H-TRAJ  EC  TOftY  FOR  ORBIT  RC=3.b70 
POSSIBLE  QPb I r AL  IMPULSES  (DV/VCS) —  1MNER  ERRORS 


FC  ( 

2  )  = 

C  .  5  1 4  2  c 

CO 

R0  = 

0.3669E 

01 

FC  ( 

3  )  = 

C . 5142t 

GO 

KC  = 

G.3650E 

01 

FCI 

41  = 

C . 5142c 

CO 

RP  = 

0.3641E 

01 

FC  ( 

5)  = 

0.5142c 

GO 

R0  = 

C.3634E 

01 

FC  ( 

6  )  = 

G.5142E 

GO 

RO  = 

0.3628E 

01 

FLl 

/  )  = 

0 . 5142c 

CO 

R0  = 

0.3622E 

01 

FC  C 

c  )  = 

C  .  5 1 4  2  £ 

CC 

R0  = 

0.3616E 

01 

FC  ( 

9  )  = 

C  .5142E 

GO 

R0  = 

G.  361  IE 

01 

FLI 

1C  )  = 

>3. 5142c 

CO 

R0  = 

0.3605c 

01 

FC( 

1 1  >  = 

0 . 5142E 

00 

R0  = 

0.36G0E 

01 

FC  ( 

1 2 )  = 

0.5142c 

CO 

R0  = 

G.3595E 

G 1 

FC  ( 

13)  = 

G.5142E 

00 

RO  = 

C.3589E 

01 

FC  C 

1 4  )  = 

0.5143E 

GO 

R0  = 

0.35&4E 

01 

FC  ( 

li)  = 

G  .  5  1 4  3c 

CO 

P0  = 

Q.3576E 

Cl 

FC  ( 

16)  = 

G. 5143E 

CO 

RC  = 

G.3572E 

Cl 

FCI 

17  )  = 

G  .  5143c 

CO 

R0  = 

G.3566E 

01 

FIJI 

Id  )  = 

G.5143E 

GO 

RG  = 

0.3561E 

01 

FG  ( 

14)  = 

0.5143E 

00 

RO  = 

0.3554E 

01 

FCI 

20  = 

G.5143E 

00 

R0  = 

0.3548E 

01 

FCI 

21  )  = 

0.5143E 

GO 

R0  = 

0.3342E 

01 

FCI 

22)  = 

G.5143E 

00 

R0  = 

0.3535E 

01 

FCI 

23)  = 

0.5143c 

00 

RC  * 

0.3523E 

01 

FCI 

24)  = 

G  .5143c 

GO 

RO  = 

0.3521E 

01 

FCI 

25)  = 

G  5143E 

GO 

R0  = 

C.3513E 

01 

FG  I 

26)  = 

0.5143c 

00 

RG  = 

0. 3506E 

01 

FLI 

27)  = 

G.5144E 

GO 

RC  = 

0.3498c 

01 

FCI 

2S  )  = 

C .5144E 

GO 

RO  = 

0.34&9E 

01 

FG  I 

29)  = 

0.5144E 

CO 

RD  = 

G.3481E 

01 

FUI 

3o  )  = 

0.5144E 

00 

RC  = 

0.3472E 

01 

FCI 

31  )  = 

G.5144E 

CO 

R0  = 

0.3462E 

01 

FCI 

32)  = 

G.5144E 

CO 

R0  = 

0.3453E 

Cl 

FCI 

33)  = 

G.5144E 

00 

R0  = 

0.3443E 

01 

FG  I 

34)  = 

0 . 5145E 

00 

RG  = 

0.3432E 

01 

FCI 

35)  = 

G.5145E 

00 

R0  = 

0.3421E 

01 

FCI 

36  )  = 

G.5145E 

GO 

RO  = 

C.3410E 

01 

( 
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GA/PKYS/63-5,6 

OPTIMUM  MAPS  h-TRAJRC TO :< Y  POP  ORBITAL  RANGE  =1.1  TO  6.1 
CORRECTION  RAO  1 1  —  OUTER  ERRORS 


R 

KIR 

V  R 

H 

2 

0 .4239E 

01 

0 . 135  IE  01 

0.1025E 

01 

0.4255E 

01 

3 

0 .4431E 

01 

0 . 123 IE  01 

0.10156 

01 

0 . 4  2  6  3 1 

01 

4 

0.4632E 

01 

G.1145C  01 

0. 1005E 

01 

C • 4  2  69 1 

01 

5 

0.4842E 

01 

0.10756  01 

0.99606 

00 

0.4275b 

01 

6 

0.5061E 

01 

0.10146  01 

0.98696 

00 

0.4280C 

01 

7 

0.5  290  E 

01 

0.96056  00 

0.97326 

00 

0 . 4  2  8  5  E 

01 

8 

0.5530E 

01 

0.912GE  00 

0.9698E 

00 

G.429GL 

01 

9 

0.5780E 

01 

0.86776  00 

0.9617E 

00 

C. 42  946 

01 

10 

0.6042E 

01 

0.82686  00 

0.95396 

00 

0.42996 

01 

11 

0 . 6316E 

01 

0.78886  00 

0.9463E 

00 

0.4304C 

01 

12 

0.6602E 

01 

0.7533C  00 

C.9390E 

00 

0.4308E 

01 

13 

0.69C1E 

01 

0.7199E  00 

0.9320E 

00 

0.4313E 

01 

14 

0.7214E 

01 

0.68846  00 

0.9253E 

00 

0.4318E 

01 

15 

0. 7541E 

01 

0.65876  00 

0.91876 

00 

0.4323E 

01 

16 

0.7883E 

01 

0.6306E  00 

0.9125E 

00 

0.4327C 

01 

17 

0.8240E 

01 

0.6C38E  00 

0.9G64E 

00 

0.4333E 

01 

18 

0 .8613E 

01 

0.5784b  00 

0.9006E 

00 

0.4338E 

01 

19 

O .90036 

01 

0.5542C  00 

0.89506 

00 

0.4343E 

01 

20 

0.9411E 

01 

0.5312E  00 

C.8896E 

00 

0.4349C 

01 

21 

0 . 983b  E 

01 

0 . 509  IE  00 

0.8844E 

00 

0.43546 

01 

22 

0.1028E 

02 

0 .488  IE-00 

0.8794E 

00 

0.4360c 

01 

23 

0.1075E 

02 

0.46806-00 

0.8746E 

00 

0 • 4  366  h 

01 

24 

0.1124E 

02 

0. 4487E-00 

0.8700E 

00 

0.43726 

01 

25 

0.1175E 

02 

0.4303E-0C 

0. 8655k 

00 

0.43796 

01 

26 

0.1226E 

02 

0.4127E-00 

0.8613E 

00 

0.4386E 

01 

27 

0. 1283E 

02 

0. 3958E-00 

0.8572E 

00 

0.4393E 

01 

28 

0. 1342E 

02 

0. 37956-00 

0.B532E 

00 

0.44006 

01 

29 

0 . 140  2  E 

02 

0 • 3640E- 00 

0.84946 

oc 

0.44076 

01 

30 

0 . 1466  E 

02 

0.34916-00 

0.8458E 

00 

0.44156 

01 

31 

0.1532E 

02 

0. 3348E-00 

0.8423E 

00 

0.4423E 

01 

32 

0. 16026 

02 

0. 3211E-00 

0.8389E 

00 

0.4432E 

01 

33 

0 . 1674E 

02 

0. 3G79E-00 

0.83576 

00 

0.4440E 

01 

34 

0. 1750C 

02 

0.2953E-00 

0.8326E 

00 

0.44496 

01 

35 

0.1829E 

02 

0.2832E-00 

0.6296E 

00 

0.4459E 

01 

36 

0.1912E 

02 

0.27166-00 

0.8267E 

00 

0.4469E 

01 

37 

0.1999E 

02 

0.26046-00 

0.8240E 

00 

0.4479E 

01 

38 

0.2090E 

02 

0 . 2497C-00 

0.8213E 

00 

0.4490E 

01 

39 

0.2184E 

02 

0.23946-00 

C.8188E 

00 

C. 4501 E 

01 

40 

0.2283E 

02 

0.22956-00 

0.8164E 

00 

0.4513E 

01 

41 

0.238/E 

02 

0.22016-00 

0.8140E 

00 

0.4525E 

01 

42 

0.2495E 

02 

0.21 1 OE-OO 

0.81 1 8k 

00 

0.45376 

01 

43 

0.26086 

02 

0.2022E-00 

0.8097E 

00 

0.45516 

01 

44 

0.2726E 

02 

0. 1938E-00 

0.8076E 

CO 

0.4564F 

01 

45 

0.2849E 

02 

0. 1858E-00 

0.8056E 

00 

0.45/96 

01 

46 

0.2979E 

02 

0.17816-00 

0.8038E 

00 

0.45946 

01 

47 

0.3114E 

02 

0.170  7E-00 

Q.8019E 

00 

0.46096 

01 

48 

0.3255E 

02 

0. 1636E-00 

0.8002E 

oc 

0.46266 

01 

49 

0.3402E 

02 

0.1567E-00 

0.7985E 

00 

0.46436 

01 

GA/PHYS/63-5,6 

OPTIMUM  MAPS  L-TRAJECTORY  FOp  ORBITAL  RANGE  =  1.1  TO  6.1 


R 

FIR 

VR 

H 

50 

0.35566 

02 

0. 1502E-00 

0.7969E 

00 

0.46616 

01 

51 

0.3717E 

02 

0. 1439E-00 

0.7954E 

00. 

0.4679E 

01 

52 

(j  .  3  8  8  fa  E 

02 

0. 1379E-00 

0.7939E 

00 

0.4699E 

01 

53 

0.40622 

02 

0.132  IE-00 

0.7925E 

00 

0.4719E 

01 

54 

0.42466 

02 

0. 1266E-00 

0.7912E 

00 

0.4740C 

01 

55 

0.4438E 

02 

0.121 3E-00 

0.7899E 

00 

0. 4762  E 

01 

56 

0.4639E 

02 

0. 1162E-00 

0.7687E 

00 

0.47856 

01 

57 

0.4850E 

02 

0. 1113E-00 

0.7875E 

00 

0.4810t 

01 

58 

0.5069E 

02 

0. 1066E-00 

0.7863E 

00 

0.4835E 

01 

59 

0.5299E 

02 

0. 1C21E-00 

0.7853E 

GO 

0.4861E 

01 

60 

0.5539E 

02 

G.9779E-01 

0.7842E 

00 

0.48896 

01 

61 

0 .5790  E 

02 

0 . 936  5E-01 

0.7832E 

00 

0.4918E 

01 

62 

0 . 60  52 1 

02 

0.6969E-01 

0.7823E 

00 

0.49486 

01 

63 

' 0.6327E 

02 

0 . 8590E-01 

0.7813E 

00 

0.49796 

01 

64 

G.6613E 

02 

0.8226E-01 

0.7805E 

00 

0.50126 

01 

65 

0.6913E 

02 

0.7877E-01 

0.7796E 

00 

0. 5046  E 

01 

66 

0.7226E 

02 

0.7543E-01 

0.778BE 

00 

0.5082E 

01 

67 

0. 7553E 

02 

0 . 7222E-0 1 

0.7780E 

00 

0. 512Qt 

01 

08 

0 .7896E 

02 

0 .6915E-01 

0.7773E 

00 

0.5159E 

01 

69 

0 .82536 

02 

0.662  IE-01 

0.7766E 

00 

0.5200E 

01 

70 

0 . 862  7  E 

02 

0.6339E-01 

0.7759E 

00 

0.52426 

01 

71 

0.9016E 

02 

0.6069E-01 

0.7753E 

00 

0.52876 

01 

72 

0 .942/E 

02 

0.581  IE-01 

0.7747E 

00 

0.5334E 

01 

73 

0.9854E 

02 

0.5563E-01 

0.7741E 

00 

0.5383b 

01 

74 

O. 1030E 

03 

0 . 532  5E-01 

0.7735E 

00 

0.5434E 

01 

75 

0.1077E 

03 

0.5098E-01 

0.77306 

00 

0.5487E 

01 

76 

0.1126E 

03 

0.4880E-C1 

0.77241: 

00 

0.5543E 

01 

77 

0.1177E 

03 

0.467  IE-01 

0.7719E 

00 

0.5601E 

01 

78 

0.1230E 

03 

0.4471E-01 

0.7715E 

00 

0.5662E 

01 

79 

0.1286E 

03 

0.4280E-01 

0.7710E 

00 

0.5726E 

01 

80 

0. 1344E 

03 

0.4097E-01 

0.7706E 

00 

0.5792E 

01 

81 

0. 1405E 

03 

0.3921E-01 

0.7701E 

00 

0.5862E 

01 

82 

0.1466E 

03 

0.3  753E-01 

0.7697E 

00 

0.5934E 

01 

63 

0.1535E 

03 

0. 3 592 E— 01 

0.7694E 

00 

0.6010E 

01 

64 

0.1604E 

03 

0 . 34  3  8E-CI 

0.76906 

00 

0.6C90C 

01 

85 

0.1677E 

03 

0. 3290E-01 

0.76866 

00 

0.61 73E 

01 

b6 

0.1753E 

03 

0.3149E-01 

0.7683C 

00 

0.6259E 

01 

87 

0 . 1832E 

03 

0.30 1 4E-01 

0.7680E 

00 

G.6350E 

01 

88 

0.1915E 

03 

0.2  884E-01 

0.7677E 

CO 

0.6445C 

01 

89 

0.2002E 

03 

0.2 760E-01 

0.7674b 

00 

0.6544E 

01 

90 

0 . 2093  E 

03 

0 . 2642E-01 

0.7671E 

00 

0.6648E 

01 

9  l 

0.2186E 

03 

0.2528E-01 

0.7668E 

00 

0.6756E 

01 

92 

C.2287E 

03 

G.2419E-01 

0.7666E 

00 

0.6869E 

01 

9  3 

0 .23916 

03 

0.23 15E-01 

0.7663E 

00 

0.6987E 

01 

94 

0 . 2499  E 

03 

0.2215E-01 

0.7661E 

00 

0. 71 1  IE 

01 

95 

0 .2612t 

03 

0. 2120E-01 

0.7659E 

00 

0.7240E 

01 

96 

0.2730E 

03 

0 . 2C29E-01 

0.7656E 

00 

0.7375E 

01 

97 

0.2854E 

03 

0. 1941E-01 

0.7654E 

00 

0. 7516E 

01 

98 

0.2984E 

03 

0. 1858E-01 

0.7652E 

00 

0.7664E 

01 

99 

0.3119E 

03 

0. 1778E-01 

0.7650E 

00 

0. 7818C 

01 

100 

G.3260E 

03 

0. 1701 E- 01 

0.7649E 

00 

0.7980C 

01 

303 


GA/PHYS/63-5,6 

OPTIMUM  MARS  ii-TUA JECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


CORRECTION  RADII  —  INNER  ERRORS 


R 

FIR 

VR 

H 

2 

0.346 IE 

01 

0.1417E  01 

0.1065E 

01 

0.3635E 

01 

3 

0.3625E 

01 

0.1268b  01 

0.1053E 

01 

0. 3626E 

01 

4 

0.3796E 

01 

0.1172E  01 

0.1041E 

01 

0. 3620E 

01 

5 

0.3978E 

01 

0.1097E  01 

0.1029E 

01 

0.3615E 

01 

6 

0.4167E 

01 

0.1033b  01 

0.1018E 

01 

0.3610E 

01 

7 

0.4364E 

01 

0.9766E  00 

0. 100  7E 

01 

0. 3606  E 

01 

8 

0.4572E 

01 

0.9260b  00 

0.997  IE 

00 

0. 3602  E 

01 

9 

0.4789E 

01 

0.8600E  00 

0.9871E 

00 

0.3598C- 

01 

10 

0.5016E 

01 

0.8376E  00 

0.9775E 

00 

0. 3594E 

01 

11 

0 .5254b 

01 

0.7983E  00 

0.9682E 

00 

0.3590E 

01 

12 

0 . 5504  E 

01 

0.7616E  00 

0.9593E 

00 

0. 3586E 

01 

13 

0.5765E 

01 

0.7272E  00 

0.950  /h 

CO 

0.3582b 

01 

14 

0 .6039E 

01 

0.6949E  00 

0.9423E 

00 

0.3577b 

01 

15 

0.6325b 

01 

0.6643E  00 

0.9343E 

00 

0.35/3E 

01 

16 

0.6625E 

01 

0.6353E  00 

0.9266E 

00 

0.3569E 

01 

17 

0.6940E 

01 

0.6079E  00 

0.9192b 

00 

0.3564b 

01 

lb 

0.7269E 

01 

0.5818E  00 

0.9121E 

00 

0.3560E 

01 

19 

0.7615E 

01 

0.5569E  00 

0.9052E 

00 

0.3555b 

01 

20 

0.7976E 

01 

0.5332E  00 

0.8986E 

00 

0.3550E 

01 

21 

0.8355E 

01 

0.5106b  00 

0.8923b 

CO 

0.3545E 

01 

22 

0 . 875  IE 

01 

0 . 489  IE-00 

0.8862E 

00 

0.3540E 

01 

23 

0.9167b 

01 

0.4684E-00 

0.8803E 

00 

0.3535E 

01 

24 

0. 9602  E 

01 

0.4487E-00 

0.8747E 

00 

0. 3529b 

01 

25 

0 . 1006E 

02 

0.4298E-00 

0.8693b 

00 

0.3524b 

01 

26 

0.1054E 

02 

0.4118E-00 

0.8641b 

00 

0 . 36  lot 

01 

27 

0. 1104E 

02 

0.3945E-00 

0.859  IE 

00 

0.3512E 

01 

26 

0.1156E 

02 

0 . 3779E-00 

0.8543E 

00 

0.3505b 

01 

29 

0.1211b 

02 

0 . 3620E-00 

0.8497E 

00 

0. 3499E 

01 

30 

0.1268E 

02 

0.3468E-00 

0.6453E 

00 

0.3492E 

01 

31 

0. 1326E 

02 

0 • 3322E-00 

0 . 841 OE 

00 

0.3485C 

01 

32 

0. 1392E 

02 

0.3182E-00 

0.8370E 

00 

0. 3477E 

01 

33 

0. 1456E 

02 

0 . 3047E-00 

0. 833  IE 

00 

0. 3469E 

01 

34 

0. 1527E 

02 

‘ 0.2919E-00 

0.8293E 

00 

0. 3461b 

01 

35 

0. 1599E 

02 

0.2795E-00 

0.8257E 

00 

0. 3453 E 

01 

36 

0. 1675E 

02 

0.2677E-00 

0.8223E 

00 

0. 3444E 

01 

37 

0. 1755E 

02 

0 . 2563E-00 

0.8190E 

00 

0.3434E 

01 

3  b 

0. 1836E 

02 

0 . 2454E-00 

0.8159E 

00 

0.3425E 

01 

39 

0.1925E 

02 

0 . 2350E-00 

0.8126E 

00 

0.3415E 

01 

40 

0.2017E 

02 

0. 2250E-00 

0.8099E 

00 

0. 3404E 

01 

41 

0.2112E 

02 

0.215  3E-00 

0.8071C 

00 

0.3393E 

01 

42 

0.2213E 

02 

0 .206  lb-00 

0.8045E 

00 

0.3382E 

01 

43 

0.2318E 

02 

0. 1973E-00 

0.8019E 

00 

0.3370E 

01 

44 

0.2428E 

02 

0. 1888E-00 

0.7995b 

00 

0.3357b 

01 

45 

0.2543E 

02 

0 • 1807E-00 

0.7972E 

CO 

0.3344E 

01 

46 

0.2664E 

02 

0. 1729E-00 

0.7949E 

00 

0.3330b 

01 

47 

0.2790E 

02 

0.1655E-00 

0.7928E 

00 

0.3316E 

01 

46 

0.2923E 

02 

0. 1583E-00 

0.7907E 

00 

0.3301b 

01 

49 

0 . 306  IE 

02 

0. 1515E-00 

0.7888C 

00 

0.3285E 

01 

GA/PHYS/63-5,6 


OPTIMUM  MARS  H 

R 

-TRAJECTORY  FOR  ORBITAL  RANGE  = 

FIR  VR 

1.1  TO  6. 

H 

1 

50 

0.3207E 

02 

0.14496-00 

0.78696 

00 

0. 32686 

01 

51 

0.3359E 

02 

0. 13866-00 

0.78516 

00 

0.32516 

01 

52 

0.3519E 

02 

0.13266-00 

0.78346 

00 

0.32336 

01 

53 

0.3686E 

02 

0. 1268E-00 

0.78176 

00 

0.32146 

01 

54 

0.3861E 

02 

0. 12136-00 

0.7801E 

00 

0.31956 

01 

55 

0.4044E 

02 

0.11606-00 

0.77866 

00 

0.31746 

01 

56 

0.4236E 

02 

0. 11096-00 

0.77726 

00 

0.31526 

01 

57 

0  . 4  4  3  7  E 

02 

0.10606-00 

0.7758E 

00 

C.3130E 

01 

58 

0 . 464/6 

02 

0. 1014E-00 

0.7745E 

00 

0.3106E 

01 

59 

0.4868E 

02 

0.96946-01 

0.7732E 

00 

0.30816 

01 

60 

0 .5099E 

02 

0 . 9268E-01 

0.7720E 

00 

0.30556 

01 

61 

0.5341E 

02 

0.8B60E-01 

0.77096 

00 

0.3028E 

01 

62 

0.5595E 

02 

0 • 8470E-01 

0.7698E 

00 

0.29996 

01 

63 

0 • 586GE 

02 

0. 80966-01 

0.76876 

00 

0.29706 

01 

64 

0.6139E 

02 

0.77396-01 

0.7677E 

CO 

0.29386 

01 

65 

0.6430E 

02 

0. 73976-01 

0.7668E 

00 

0.29066 

01 

66 

0.6735E 

02 

0.7069E-01 

0.76586 

00 

0.28716 

01 

67 

0.7055E 

02 

0.67566-01 

0.76506 

00 

0.28356 

01 

68 

0.73906 

02 

0.64576-01 

0.76416 

00 

0.2798E 

01 

69 

0 . 774  IE 

02 

0.61706-01 

0.76336 

00 

0.27586 

01 

70 

0.81086 

02 

0. 58966-01 

0.7625E 

00 

0.27176 

01 

71 

0.8493E 

02 

0. 5634E-01 

0.76186 

00 

0.26746 

01 

72 

0.88966 

02 

0.53836-01 

0.7611E 

00 

0.26296 

01 

73 

0.9319E 

02 

0.51446-01 

0.76046 

00 

0.25826 

01 

74 

0 .9761 E 

02 

0.49156-01 

0.75986 

00 

0.25326 

01 

75 

0.10226 

03 

0.46956-01 

0.7592E 

00 

0.24806 

01 

76 

0.10716 

03 

0.44866-01 

0.7586E 

00 

0.24266 

01 

77 

0.11226 

03 

0.42866-01 

0.7580E 

00 

0. 2369t 

01 

78 

0.11756 

03 

0.4094E-01 

0.7575E 

00 

0.2309E 

01 

79 

0.12316 

03 

0.391  IE-01 

0.75706 

00 

0.22476 

01 

80 

C.1289E 

03 

0.37366-01 

0.75656 

00 

0.21816 

01 

81 

0.13516 

03 

0.35696-01 

0.75616 

00 

0.21136 

01 

82 

0.14156 

0  3 

0. 34096-01 

0.7556E 

00 

0.20416 

01 

63 

0.1482E 

03 

0. 3256E-01 

0.75526 

00 

0.19666 

01 

84 

0.1552E 

03 

0.31106-01 

0.75486 

00 

0.18876 

01 

85 

0. 1626E 

03 

0.29716-01 

0.75446 

00 

0. 1804h 

01 

86 

0. 1703E 

03 

0.28386-01 

0.7540E 

00 

0.17186 

01 

87 

0.1784E 

03 

0.27106-01 

0.7537E 

00 

0. 16276 

01 

88 

0. 1869E 

03 

0.2589E-01 

0.7533E 

00 

0.15326 

01 

89 

0.19576 

03 

0.2472E-01 

0.75306 

00 

0. 14336 

01 

90 

0 .2050E 

03 

0 . 236  IE-01 

0.752  7E 

00 

G.1329E 

01 

91 

0.21476 

03 

0.22556-01 

0.7524E 

00 

0. 12206 

01 

92 

0.22496 

03 

0.21546-01 

0.7521E 

00 

0.11066 

01 

93 

0.2356E 

03 

0.20576-01 

0.7519E 

00 

0.9865E 

00 

94 

0.24686 

03 

0.19646-01 

0.75166 

00 

0.8613E 

00 

95 

0.25856 

03 

0.18766-01 

0.7514E 

00 

0.73016 

00 

96 

0.27066 

03 

0 • 179  IE-01 

0.7511E 

00 

0.59286 

00 

97 

0.28376 

03 

0.17116-01 

0.7509E 

00 

0.4489E- 

-00 

98 

0.2971E 

03 

0. 1634E-01 

0.750  7E 

00 

0.29816- 

-00 

99 

0.3112E 

03 

0.15606-01 

0.75056 

00 

0.1403E- 

-00 

100 

0.32606 

03 

0. 14906-01 

0.7503E 

00 

-0.2512E- 

-01 
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GA/PHYS/63-5,6 

OPTIMUM  MARS  H-TRA JECTURY  FOR  ORBITAL  RANGE  =1.1  TO  6.1 
POSSIBLE  ORBITAL  IMPULSES  (DV/VCS)—  INNER  ERRORS 


FCl 

2  )  =  0.5277E 

00 

RO=  0.3395E 

01 

FOl 

31=  0.5278E 

00 

RO=  0.3385E 

01 

FO( 

4)  =  0.5278E 

00 

RO=  0.3377E 

01 

F0( 

5 )  =  0.5278fc 

00 

RO  =  0.3371E 

01 

FU  ( 

6 )  =  0.5278t 

00 

RCJ=  0.3365c 

01 

F0( 

7 )  =  0.5278E 

00 

RO=  0.33606 

01 

FUl 

8  )=  0.5278E 

00 

RO=  0.3354E 

01 

FOl 

9 )  =  0.52786 

00 

RO  =  0.3349E 

01 

FC  ( 

101=  0.5278E 

00 

RO=  0.3344E 

01 

FO  ( 

11)=  0.5278E 

00 

RO=  0. 3339b 

01 

FO( 

12)=  0.5278E 

00 

R0=  0.3334E 

01 

FOl 

13)=  0.5278E 

00 

RO=  0.3329E 

01 

FO  ( 

14)=  0.5278E 

00 

RO=  0.3324E 

01 

FO  C 

15)=  0.5278E 

00 

RO=  0.3318b 

01 

FO( 

16)=  0.5279E 

00 

RO=  0.3313E 

01 

FOl 

17)=  0.5279E 

00 

RO=  0.3307E 

01 

FO  ( 

18)=  0.5279b 

00 

RO=  0.33026 

01 

FO  ( 

19)=  0.5279E 

00 

R0=  0. 32966 

01 

FO( 

20)=  0.5279E 

00 

R0=  0.3290E 

01 

FO  ( 

21)=  0.5279E 

CO 

R0=  0.3284E 

01 

FO  ( 

22)=  0.5279E 

00 

R0=  0.3277E 

01 

FOl 

23)=  0.5279E 

00 

R0=  0.3270E 

01 

FOl 

24)=  0.5279E 

00 

R0=  0.3264E 

01 

FOl 

25)=  0.5280b 

00 

R0=  0.3256E 

01 

FOl 

26)=  0 . 52800 

00 

R0=  0.3249C 

01 

FOl 

27)=  0.5280E 

00 

RO  =  0.3241E 

01 

FOl 

28)=  0.5280E 

00 

R0=  0.3233C 

01 

FOl 

29)=  0.5280E 

00 

R0=  0.3225b 

01 

FOl 

30)=  0.5281E 

00 

R0=  0.32166 

01 

FOl 

31)=  0 . 528  It 

00 

R0=  0.3207b 

01 

FOl 

32)=  0.5281b 

00 

R0=  0.3198E 

01 

FOl 

33)=  0.52B1E 

00 

R0=  0.3188E 

01 

FOl 

34)=  0.5281b 

00 

R0=  0.3178E 

01 

FOl 

35)=  0.52826 

00 

R0=  0.3167E 

01 

FOl 

361=  0.5282E 

00 

K0=  0.3156b 

01 

FCl 

37)=  0.52826 

00 

Rl)=  0. 3145b 

01 

FOl 

38)=  0.5283t 

00 

R0=  0.3133E 

01 

FOl 

39)=  0.5283E 

00 

R0=  0.31206 

01 

FOl 

40)=  0.5284E 

00 

R0=  0.3107E 

01 

FOl 

41)=  0.5284E 

00 

R0=  0.3093E 

01 

FOl 

42)=  0.5285E 

00 

R0=  0.3079E 

01 

FOl 

43)=  0.5285b 

00 

R0=  0.3064E 

01 

FOl 

44)=  0. 5286b 

00 

R0=  0.3048E 

01 

FOl 

45)=  0.5286t 

00 

R0=  0.3032E 

01 

FOl 

46)=  0.5287b 

00 

R0=  0.3015E 

01 

FOl 

47)=  0.5288E 

00 

R0=  0.2997E 

01 

FOl 

48)=  0.5289E 

00 

R0=  0.2978E 

01 

FCl 

49)=  0.5289E 

00 

R0=  0.2959E 

01 
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FO  ( 

501=  0.5290E 

00 

R0=  0.2938E 

01 

FC( 

51)=  0 . 529  IE 

00 

R0=  0.2917E 

01 

FO  ( 

52)=  0 . 529  3t 

00 

RO  =  0.2894E 

01 

FC  ( 

53)=  0.5294E 

00 

R0  =  0.2871E 

01 

FO  1 

54)=  0.5295E 

00 

R0=  0.2847E 

01 

FO( 

55)=  0.5297E 

00 

R0=  0.2821E 

01 

FC  ( 

56)=  0.5298C 

00 

HO  =  0.2794E 

01 

FC  ( 

57)=  0.5300E 

00 

RO  =  0.2767E 

01 

FO  ( 

58)=  0.5302E 

00 

R0=  0.2737E 

01 

FO  ( 

59)=  0.5305E 

00 

R0=  0.2707E 

01 

FC  ( 

60)=  0.5307E 

00 

RO  =  0.2675E 

01 

FC  ( 

61)=  0.5310E 

00 

R0=  0.2641E 

01 

FO  ( 

62)=  0.5313E 

00 

RO  =  0.2607E 

01 

FO( 

63)=  0.5316E 

00 

R0=  0.2570E 

01 

FO  ( 

64)=  0.5320E 

00 

R0=  0.2532E 

01 

FO  ( 

65)=  0.5325E 

00 

R0=  0.2492E 

01 

FO  t 

66)=  0.5329b 

00 

R0=  0.2450E 

01 

FO( 

67)=  0.5335E 

00 

R0=  0.2407E 

01 

FO  ( 

68)=  0 . 534  IE 

00 

R0=  0.2361E 

01 

FO  ( 

69)=  0.5347E 

00 

R0=  0.2314C 

01 

FO  l 

70)=  0.5355E 

00 

RO  =  0.2264E 

01 

F0( 

71)=  0.5363E 

00 

K0=  0.2213E 

01 

FO  ( 

72)=  0.5373E 

00 

R0=  0.2158E 

01 

FO  ( 

73)=  0.5384E 

00 

R0=  0.2102E 

01 

FO  ( 

74)=  0.5396E 

00 

R0=  0.2043E 

01 

FO  ( 

75)=  0.5410E 

00 

R0=  0.19B2E 

01 

F  0  ( 

76)=  0.5427E 

00 

R0=  0.1918E 

01 

FC  ( 

77)=  0.5445E 

00 

RO  =  0.1851E 

01 

FO( 

78)=  0.5467E 

00 

R0=  0.1782E 

01 

FO  ( 

79)=  0.5492E 

00 

R0=  0.1710E 

01 

F  0  ( 

80)=  0 . 552  IE 

00 

R0=  0.1635E 

01 

FO  ( 

81)=  0. 5556b 

00 

RO  =  0.1557E 

01 

FO( 

82)=  0.5596E 

00 

R0=  0.1476E 

01 

FO{ 

83)=  0.3644E 

00 

R0=  0.1392E 

01 

FC  ( 

84)=  0 .570  IE 

00 

R0=  0.1305E 

01 

FO  ( 

85)=  0.5769E 

00 

R0=  0.1216E 

01 

FU< 

86)=  0.5852E 

00 

R0=  0.1124E 

01 
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FG( 

21*  0.53906 

00 

RO* 

0.41256 

01 

FOl 

3 )  *  0.53906 

00 

R0« 

0.4136E 

01 

FOl 

41*  G.5391E 

00 

RO* 

0.4144E 

01 

FO( 

5)*  0.5391E 

00 

RO  = 

0.4151E 

01 

FC  ( 

6)  =  0 . 539  IE 

00 

RO  = 

0.4157E 

01 

FO  C 

7 ) =  0.53916 

00 

R0  = 

0.41636 

01 

FO  ( 

8)  =  0.539  IE 

00 

R0  = 

0.4169E 

01 

FU( 

9  )  =  G  •  5  39  IE: 

00 

RO  = 

0.41756 

01 

FO  ( 

10)=  0.5392E 

00 

R0  = 

0.41816 

01 

FO  ( 

11)=  0.5392E 

00 

R0  = 

0.41876 

01 

FO( 

12)=  0 • 5392  E 

00 

R0  = 

0.4 1936 

01 

F0( 

13)=  0.5392E 

00 

RO  = 

0.4198E 

01 

F0( 

14)=  0.53926 

00 

R0  = 

0.4204E 

01 

FO  ( 

15)=  0.53926 

00 

R0  = 

0.42116 

01 

FC  C 

16)=  0.5393E 

00 

R0  = 

0.4217E 

01 

FO( 

17)=  0.5393E 

00 

R0  = 

0.42236 

01 

FO  ( 

18)=  0.5393E 

00 

R0  = 

0.42306 

01 

FOl 

19 ) =  0.5393E 

00 

R0  = 

0.42376 

01 

FO  ( 

20)=  0.5393E 

00 

R0  = 

0.42436 

01 

F0( 

21)=  0.53946 

00 

R0  = 

0.42516 

01 

FO  ( 

22)=  0.5394E 

00 

K0  = 

0.42586 

01 

FO( 

23)=  0.53946 

00 

R0  = 

0.4266E 

01 

FOl 

24)=  0.5394E 

00 

RO* 

G.4273E 

01 

FOl 

25)=  0.53956 

00 

R0  = 

0.4282E 

01 

FOl 

26)=  0.5395E 

CO 

RU  = 

0.4290E 

01 

FOl 

27)=  0.53956 

00 

R0  = 

0.4299E 

01 

FOl 

28)=  0.5395E 

00 

R0  = 

0.4308E 

01 

FOl 

29)=  0.53966 

00 

R0  = 

0.43176 

01 

FOl 

30)=  0.5396E 

00 

R0= 

0.43276 

01 

FOl 

3  l  )=  0.5396E 

00 

R0  = 

0.43376 

01 

FOl 

32)=  G.5397E 

00 

R0  = 

0.4348E 

01 

FOl 

33)=  0.5397E 

00 

R0  = 

0.4359E 

01 

FOl 

34)=  0.5397E 

00 

R0= 

0.43706 

01 

FOl 

35)=  0.53986 

00 

RO  = 

0.43826 

01 

FOl 

36)=  0.5398E 

00 

R0  = 

0.4395E 

01 

FOl 

37)=  0.5399E 

00 

R0  = 

C. 44086 

01 

FOl 

38)=  0.5399E 

00 

R0  = 

0.44216 

01 

FOl 

39)=  0.54006 

00 

R0  = 

0.4435E 

01 

FOl 

40)=  0.5400E 

00 

R0  = 

0.44506 

01 

FOl 

41)=  0.5401E 

00 

R0  = 

0.4465E 

01 

FOl 

42)=  0.54016 

00 

R0  = 

0.44816 

01 

FOl 

43)=  0.5402E 

00 

RO  = 

0.4498E 

01 

FOl 

44)=  0 . 540 2 E 

00 

R0  = 

0.4515E 

01 

FOl 

45)=  0.54036 

CO 

RO  = 

0.45346 

01 

FOl 

46)=  0.54046 

00 

RO  = 

0.4553E 

01 

FOl 

47)=  0.54056 

00 

R0  = 

0.45726 

01 

FOl 

48)=  0.5405E 

00 

R0  = 

0.45936 

01 

FOl 

49)=  0.5406E 

00 

R0  = 

0.46156 

01 
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FO  ( 

50)=  0.5407E 

00 

R0=  0.46376 

01 

FC( 

51  )=  0.54086 

00 

R0  =  0.4661E 

01 

FOl 

52)=  0.54091: 

00 

R0  =  0.46856 

01 

FO  ( 

53)=  Q.5410E 

00 

R0=  0 . 471 IE 

01 

FOl 

54)=  0 . 541  IE 

00 

RO  =  0.47386 

01 

FO  ( 

55)=  0.5412b 

00 

R0=  0.4766E 

01 

FO( 

56)=  0.5413b 

00 

R0=  0.4795E 

01 

FOl 

57)=  0.5414b 

00 

RO  =  C.4826E 

01 

FOl 

56)  =  0.5416E 

00 

R0=  0.4858E 

01 

FOl 

59)=  0.5417b 

00 

R0=  0.4891E 

01 

FOl 

60)=  0.5419E 

00 

R0=  0.4926E 

01 

FOl 

61)=  0.5420E 

00 

R0=  0.4963E 

01 

FOl 

62)=  0.5422b 

00 

R0=  0 .500  IE 

01 

FOl 

63)=  0.54236 

00 

R0=  0.5041E 

01 

FOl 

64)=  0.54256 

00 

R0=  0.5063E 

01 

FOl 

65)=  0.5427E 

00 

RC)=  0.5126C 

01 

FOl 

66)=  0.54296 

00 

R0=  0.5172E 

01 

FOl 

67)=  0 . 543  IE 

00 

R0=  0.52196 

01 

FOl 

68)=  0.5434E 

00 

RC=  0.5269E 

01 

FOl 

69)=  0.5436c 

00 

R0=  0.5321E 

01 

FOl 

70)=  0.5439E 

00 

R0=  0.5376E 

01 

FOl 

71)=  0.54416 

00 

RO  =  0.5433E 

01 

FOl 

72)=  0.5444b 

00 

R0=  0.5493E 

01 

FOl 

73)=  0.5447E 

00 

K0=  0.5555E 

01 

FOl 

74)=  0.5450E 

00 

R0=  0.5620E 

01 

FOl 

75)=  0.54536 

00 

R0=  0.5688E 

01 

FOl 

76)=  0.54576 

00 

R0=  0.5760E 

01 

FOl 

77)=  0.5460E 

00 

RO  =  0.5834E 

01 

FOl 

78)=  0.5464b 

00 

R0=  0.59126 

01 

FOl 

79)=  0.54686 

00 

RO  =  0.5994E 

01 

FCl 

80)=  0.5472b 

00 

R0=  0.60796 

01 

FOl 

81)=  0. 5477b 

00 

R0=  0.6168E 

01 

FOl 

82)=  0.5481b 

00 

K0=  0.62616 

01 

FCl 

83)=  0.54866 

00 

RO  =  0.6359E 

01 

FOl 

84)=  C.5491E 

00 

R0=  0.6461E 

01 

FOl 

85)=  0.5497b 

00 

R0=  0.6567E 

01 
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CORRECTION  RAO 

II  -- 

OUTER  ERRORS 

R 

FIR 

VR 

H 

2 

0.5239C 

01 

0 . 1 50 IE  01 

0.9068b 

00 

0.4743c 

01 

3 

0 .546  4 1 

01 

0.1308E  01 

0 . 898  IE 

00 

0.4758b 

01 

4 

0.5700E 

01 

0.1207E  01 

0.8896E 

00 

0.4765E 

01 

5 

0 .5945E 

01 

0.1130E  01 

0.8814E 

CO 

0.4772E 

01 

6 

0 .620  1C 

01 

0.1065E  01 

0.8735C 

00 

0.4778b 

01 

7 

0 . 646b  fc 

01 

0 . 10C9t  01 

C.8659E 

00 

0.4783E 

01 

8 

0.6746E 

01 

0.9584E  00 

0. 858  5fc 

00 

0.4788b 

01 

9 

0.7037E 

01 

0.9126E  00 

0.8513b 

00 

0.4793b 

01 

10 

0.7340E 

01 

0.8705E  00 

0.8444E 

00 

0.4798c 

01 

11 

0.7656b 

01 

0 . 8  31  5t  00 

0.837  7E 

00 

0.4603E 

01 

12 

G.7985E 

01 

0 . 795  IE  00 

0.8312E 

00 

0.4808b 

01 

13 

0.8329E 

01 

0.7610E  00 

0.8250E 

00 

0.4813E 

01 

14 

0.6688c 

01 

0.7269c  00 

0.8190E 

00 

0.4818E 

01 

15 

0.9062b 

01 

0.6986E  00 

0.8131b 

00 

0.4823E 

01 

16 

0.9452E 

01 

0.6699E  00 

0.6075E 

00 

0.4828E 

01 

17 

0.9859E 

01 

0.6426E  00 

0.8021b 

00 

0.4833b 

01 

18 

0.1028E 

02 

0.6167E  00 

0.796  9b 

00 

0.4839E 

01 

19 

0.1073E 

02 

0.5920E  00 

0.7918b 

00 

0.4644E 

01 

20 

C.1119E 

02 

0.5684E  00 

0.7869E 

00 

0.4850E 

01 

21 

0.1167E 

02 

0.5459E  00 

0.7822E 

00 

0.4855E 

01 

22 

0. 1217E 

02 

0.5243c  00 

0.7777E 

00 

0.4861b 

01 

23 

0. 1270E 

02 

0.5037E  00 

0.7733E 

00 

0.4867E 

01 

24 

0.132AE 

02 

C.4840E-00 

0.7691b 

00 

0.4874b 

01 

25 

0.1381E 

02 

0.4650E-00 

0.7650E 

00 

0.4880E 

01 

26 

0. 1441C 

02 

0.4469E-00 

0.7611E 

00 

0. 4  887  L 

01 

27 

0.15G3E 

02 

0.429  5t:  -00 

0.7574E 

00 

0.4B94E 

01 

28 

0. 1567E 

02 

0.412  7E-00 

0.7537b 

00 

0.4901b 

01 

29 

0.1635E 

02 

0 • 3967E-00 

0.7502b 

00 

0.4908E 

01 

30 

0. 1705C 

02 

0.381 3E-00 

0.7468b 

00 

0.4916E 

01 

31 

0. 1779E 

02 

0. 3664E-00 

0.7436E 

00 

0.4924E 

01 

32 

0. 1855E 

02 

0.3522E-00 

0.7405E 

00 

0.4932b 

01 

33 

0.1935E 

02 

0.3385E-00 

0.7375E 

00 

0.4940E 

01 

34 

0.2018E 

02 

0 . 325  3E-00 

0.7346b 

00 

0.4949b 

01 

35 

0.2105E 

02 

0. 3127E-00 

0.7318b 

00 

0.4958C 

01 

36 

0.2196E 

02 

0. 3005E-00 

0.7291E 

00 

0.4968E 

01 

37 

0.2291E 

02 

0.2888E-00 

0.7265b 

00 

0.4978b 

01 

38 

0 . 2  389  E 

02 

0.2775E-00 

0.7240E 

00 

0.4988b 

01 

39 

0.2492E 

02 

0.2667E-00 

0.7216b 

00 

0.4999E 

01 

40 

0 .2599E 

02 

0. 2562E-00 

0.7193E 

00 

0.5010b 

01 

41 

0.2711E 

02 

0 . 2462E-00 

0.7171E 

00 

0.502 1 E 

01 

42 

0.282BE 

02 

0.2366E-00 

0.7150b 

00 

0.5033b 

01 

43 

0.2950E 

02 

0 . 2273E-00 

0.  7130E 

00 

0.5046b 

01 

44 

0.3077c 

02 

0.2 184E-00 

0.7110b 

00 

0.5059E 

01 

45 

0.3209E 

02 

0 . 2098E-00 

0.7091E 

00 

0.5072b 

01 

46 

0.3347E 

02 

0.201 5E-00 

0.7073b 

00 

0.5086E 

01 

47 

0 . 349  IE 

02 

0. 1936E-00 

0.7055E 

00 

0.5101b 

01 

48 

0.3642E 

02 

0. 1859E-00 

0.7039E 

00 

0. 5116b 

01 

49 

0.3799E 

02 

0. 1786E-00 

0.7022E 

00 

0.5132E 

01 
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OPTIMUM  MAKS  h 

-TRAJECTORY  FOR  ORBITAL  RANGE  = 

1.1  TO  6. 

1. 

R 

FIR 

Vil 

H 

50 

0.39626 

02 

0. 1715E-00 

0.70076 

00 

0.51496 

01 

51 

0.41336 

02 

0. 1647E-00 

0.69926 

00 

0.51666 

01 

52 

0.43116 

02 

0.15826-00 

0.6978E 

00 

0.51846 

01 

53 

0.44966 

02 

0. 15196-00 

0.6964E 

00 

0.52036 

01 

54 

0.46906 

02 

0.14596-00 

0 . 695  IE 

00 

0.52226 

01 

55 

0.48926 

02 

0. 1401E-00 

0.69386 

00 

0. 52426 

01 

56 

0.51026 

02 

0 . 1 34  5E-00 

0.69266 

00 

0.52646 

01 

57 

0.53226 

02 

0.12916-00 

0.6914E 

00 

0.52866 

01 

58 

0.55516 

02 

0.12406-00 

0.69036 

00 

0.53096 

01 

59 

0.57906 

02 

0. 1190E-00 

0.68926 

00 

0.53336 

01 

60 

0.6039E 

02 

C .11436-00 

0.68826 

00 

0.53586 

01 

61 

0.62996 

02 

0. 1C97E-00 

0.68726 

00 

0.53846 

01 

62 

0.657GE 

02 

0. 10536-00 

0.6862E 

00 

0.54116 

01 

63 

0.68536 

•02 

0. 101  IE-00 

0.6853E 

00 

0. 54396 

01 

64 

0.7146E 

02 

0. 97016-01 

0.68456 

00 

C. 54696 

01 

65 

0.74566 

02 

0. 93116-01 

0.68366 

00 

0.55006 

01 

66 

0.77776 

02 

0 . 8936t -01 

0.68286 

00 

0.55326 

01 

67 

0.8112E 

02 

0.85766-01 

0.68206 

00 

0. 55656 

01 

68 

0 .846  IE 

02 

0.82306-01 

0.6813E 

00 

0.56006 

01 

69 

0.88256 

02 

0. 7898E-01 

0.6806E 

00 

0.56366 

01 

70 

0.92056 

02 

0. 7579E-01 

0.6799E 

00 

0.56746 

01 

71 

0.9602E 

02 

0.72736-01 

0.6792E 

00 

0.5714b 

01 

72 

0.10026 

03 

0.69796-01 

0.67866 

00 

0.57556 

01 

73 

0.10456 

03 

0.66966-01 

0.6780,6 

00 

0.5798b 

01 

74 

0. 10906 

03 

0 . 64?  5E-01 

0.67746 

00 

0.5843b 

01 

75 

0.11376 

03 

0.61656-01 

0.67686 

00 

0.58906 

01 

76 

0.1185E 

03 

0.59156-01 

0.6763E 

00 

0.59396 

01 

77 

0.12366 

03 

0.56756-01 

0.6758E 

00 

0.59906 

01 

78 

0. 129G6 

03 

0. 5444E-01 

0.6753E 

00 

0.6043b 

01 

79 

0.1345E 

03 

0.52236-01 

0.67486 

00 

0.6C98t 

01 

60 

0.1403E 

03 

0.50106-01 

0.6744E 

00 

0.61566 

01 

61 

0.14646 

03 

0.46076-01 

0.67396 

00 

0.62166 

01 

62 

0.15276 

03 

0.461  IE-01 

0.67356 

00 

0.62796 

01 

83 

0. 1592E 

03 

0.4423E-01 

0.67316 

00 

0.63446 

01 

84 

0.16616 

03 

0.4243E-01 

0.67276 

00 

0.64136 

01 

65 

0.17326 

03 

0.40706-01 

0.6723E 

00 

0.64846 

01 

86 

0. 1807E 

03 

0.39C4E-01 

0.6720E 

00 

0.65586 

01 

67 

0.1885E 

03 

0.374- 5E -01 

0.6716E 

00 

0.6636E 

01 

88 

0.19666 

03 

0.35926-01 

0.6713C 

00 

0.67166 

Cl 

69 

0.205UE 

03 

0.34456-01 

0.67106 

00 

0.68016 

01 

90 

0 .2139 E 

03 

0.3304E-01 

0.67076 

00 

0. 6b896 

01 

91 

0.22316 

03 

0.31696-01 

0.67046 

00 

0.69806 

01 

92 

0.2327E 

03 

0.30406-01 

0.67016 

CO 

0.7C76c 

01 

93 

0.2427E 

03 

0.29156-01 

0.66996 

00 

0.71766 

01 

94 

0 . 2532E 

03 

0.27966-01 

0.66966 

00 

0.72806 

01 

95 

0.26416 

03 

0.2681E-01 

0.66946 

00 

0. 73886 

01 

96 

0.2754E 

03 

0.25726-01 

0.66916 

00 

0.75026 

01 

97 

0.2873E 

03 

0.24666-01 

0.66896 

00 

0.7620L 

01 

98 

0 . 2996E 

03 

0 . 2365E-0 1 

0.6687E 

00 

0. 77436 

01 

99 

0.312:>E 

03 

0.22686-01 

0.66856 

00 

0.  78716 

01 

100 

0.3260E 

03 

0.21756-01 

0.66836 

00 

0.80056 

01 

GA/PHYS/63-5,6 

OPTIMUM  MARS  H-TRAJECTORY  FOR  ORBITAL  RAI'.GE  =  1.1  TO  6.1 


CORRECTION  RADII  —  INNER  ERRORS 


R 

KIR 

VR 

!  , 

2 

0.4017E 

01 

0.1427E  01 

0.981 7E 

00 

0.3094E 

01 

3 

0.4201E 

01 

0.1277E  01 

0.9705b 

00 

0.3884E 

01 

4 

0.4394E 

01 

G.1182E  01 

0.9597E 

CO 

0.3878E 

01 

5 

0.4595E 

01 

0.1108E  01 

0.9493E 

00 

0.3873b 

01 

6 

0.4806E 

01 

0.1044E  01 

0.9392E 

00 

0.3868E 

01 

7 

0.5027E 

01 

0.9888E  00 

0.9294E 

00 

0.3864b 

01 

8 

0.5257t 

01 

0.9389E  00 

C.9199E 

00 

0.3859E 

01 

9 

0 .5499  E 

01 

0.8934E  00 

0.9108E 

00 

0. 3855L 

01 

10 

0.5751E 

01 

0.8516E  00 

0.9020E 

00 

0.3851E 

01 

11 

G.6015E 

01 

0.8127E  00 

0.8935E 

00 

0. 3847b 

01 

12 

0.6291E 

01 

0.7764E  00 

0.8853E 

CO 

0.3842b 

01 

13 

0 . 6  579  c 

01 

0.7423b  00 

0.8774E 

00 

0.3838b 

01 

14 

0.6881E 

01 

0.7103E  00 

0.8698E 

00 

0.3834C 

01 

15 

G.7197E 

01 

0.6799E  00 

0.8624b 

00 

0.3830E 

01 

16 

0 .7527E 

01 

0.6512E  00 

0.8553E 

00 

0.3825b 

01 

17 

0.78/3E 

01 

0.6239E  00 

0.8485b 

00 

0.3821E 

01 

18 

0.8234E 

01 

0.5980E  00 

0.8419E 

00 

0.3816E 

01 

19 

0.8612E 

01 

0 . 5733t  00 

0.8355b 

00 

0.3811E 

01 

20 

0.9007E 

01 

0.5497E  00 

0.8294E 

00 

0. 3807  E 

01 

21 

0.9420E 

01 

0 . 527  IE  00 

0.8235E 

00 

0.3802E 

01 

22 

0.9852E 

01 

0.5056E  00 

0.8178E 

00 

0.3796b 

01 

23 

0. 1030E 

02 

0 . 4850E-00 

0.8124b 

00 

0.3791E 

01 

24 

0.1078E 

02 

0.4653E-00 

0.8071E 

00 

0.3785E 

01 

25 

0.1127E 

02 

0.4463E-00 

0 . 802  IE 

00 

0.3780b 

01 

26 

0.1179E 

02 

0.4  28  2E-00 

0.7972E 

00 

0.3774b 

01 

27 

0.1233E 

02 

0.4108E-00 

0.7925E 

00 

0.3768E 

01 

28 

0.1290E 

02 

0 . 3942E- 00 

0.7880E 

00 

0.3761b 

01 

29 

0. 1349E 

02 

0.3782E-00 

0.7837b 

00 

0.3755b 

01 

30 

0. 1411E 

02 

0.3628E-00 

0.7795E 

00 

0.3748E 

01 

31 

0. 1475E 

02 

0.3481E-00 

0.7755E 

00 

0. 3741 E 

01 

32 

0.1543E 

02 

0 . 3339E-00 

0.7717E 

00 

0.3733C 

01 

33 

0.1614E 

02 

0. 3203E-00 

0.7680E 

00 

0.3726b 

01 

34 

0 . 168b  E 

02 

0 • 3073E-00 

0.7644E 

00 

0.3718E 

01 

35 

0.1765E 

02 

0 . 2947E-00 

0.7610E 

00 

0.3709b 

01 

36 

0. 1846E 

02 

0.282  7E-00 

0. 7578E 

00 

0.3701C 

01 

37 

0. 1931E 

02 

0.271  IE-00 

0.7546E 

00 

0. 3691 E 

01 

38 

0.2020E 

02 

C.2600E-00 

0.7516E 

00 

0.3682b 

01 

39 

0.2112c 

02 

0.2493fc-00 

0.7487E 

00 

0.3672E 

01 

40 

0.2209E 

02 

0.2391E-00 

0.7459E 

00 

0.3662C 

01 

41 

0 . 2  3 1 1 E 

02 

0.229  2E-00 

0.7433E 

00 

0. 3651 E 

01 

42 

0.2417E 

02 

0.2198E-00 

0.7407E 

00 

0.3640b 

01 

43 

0.2527E 

02 

0.210 7E-00 

0.7382E 

00 

0.3628b 

01 

44 

0.2643E 

02 

0.2020E-00 

0.7359E 

00 

0.3616E 

01 

45 

0.2765E 

02 

0. 1936E-00 

0.7336E 

00 

0.3604b 

01 

46 

G.2892E 

02 

0. 1856E-00 

0.7315E 

00 

0.3590E 

01 

47 

0.3024E 

02 

0.1779E-00 

0.7294E 

00 

0.3576E 

01 

48 

0.3163E 

02 

0.1704E-00 

0.7274E 

00 

0.3562C 

01 

49 

0 • 3308  E 

02 

0. 1633E-00 

0.7255b 

00 

0.3547E 

01 

313 


GA/PHYS/63-5,6 


OPTIMUM.  >:ARS  h-'l'H AJ EC TORY  i -OR  ORBITAL  RANGE  = 


R 

FIR 

VR 

50 

0.34606 

02 

0.15656-00 

0.7237E 

00 

51 

0 .36196 

02 

0.1500E-00 

0.72196 

00 

52 

0.37856 

02 

0. 14376-00 

0.72026 

00 

53 

0 . 39586 

02 

0. 13766-00 

0.7186E 

00 

54 

0 . 4  1 40  6 

02 

0.13186-00 

0.71716 

00 

55 

0.4330E 

02 

0. 1263E-00 

0.71566 

00 

56 

0.45296 

02 

0.12106-00 

0.71426 

00 

5  7 

0.47366 

u2 

0. 1159E-00 

0.71286 

00 

58 

0.49546 

02 

0.11106-00 

0.71156 

00 

59 

0 .5181E 

02 

0.1063E-00 

0.71036 

00 

60 

0.54196 

02 

0.1017E-00 

0.70916 

00 

61 

0.56676 

02 

0.9742E-01 

0.7079E 

00 

62 

0.59276 

02 

0.93286-01 

0.7068E 

00 

63 

0.61996 

02 

0 . 893  IE-01 

0.7058E 

00 

64 

0.64846 

02 

0.85516-01 

0.7048E 

00 

65 

0.67816 

02 

0.81866-01 

0.7038E 

00 

66 

0.70926 

02 

0. 7836E-01 

0.7029E 

00 

67 

0.74186 

02 

0.7501E-01 

0.70206 

CO 

68 

0.77586 

02 

0.71806-01 

0.70126 

00 

69 

0.8114E 

02 

0.6873E-01 

0.70046 

00 

70 

0 .848t>6 

02 

0.6578E-01 

0.6996E 

00 

71 

C.8876E 

02 

0.6296E-01 

0.6989E 

00 

72 

0.9263E 

02 

0.60256-01 

0.6982E 

00 

73 

0.9709E 

02 

0.5766E-01 

0.6975E 

00 

74 

0.10156 

03 

0.551 8E-01 

0.696  8E 

00 

75 

0.10626 

03 

0. 52806-01 

0.6962E 

00 

76 

0. 1111E 

03 

0.50536-01 

0.6956E 

00 

77 

0.U62E 

0  3 

0.483  5E— 01 

0.6950E 

00 

78 

0. 1215E 

0  3 

0.4626E-01 

0. 6945t 

00 

/9 

C.1271E 

03 

0.442  7E-01 

0.6940E 

00 

80 

0. 1329E 

03 

0.42356-01 

0.6935E 

00 

81 

0.1  390  E 

03 

0.4052E-01 

0.6930E 

00 

82 

0 . 1454E 

03 

0. 387  7E-01 

0.69266 

00 

83 

0 . 152  IE 

03 

0.37096-01 

0.692  IE 

00 

84 

0.15906 

03 

0 • 354BE-01 

0.6917E 

00 

85 

0. 1663E 

u3 

0.3395E-01 

0.6913E 

00 

86 

0. 1740E 

03 

0.3247E-01 

0.6909E 

oc 

87 

0.1819E 

03 

0.31076-01 

0.6906E 

00 

86 

0 . 1903E 

03 

0.29726-01 

0.6902E 

00 

89 

0. 199UE 

03 

0.28436-01 

0.6899E 

00 

90 

0.2082E 

03 

0.27196-01 

0.68966 

00 

91 

0 . 2 1 77  £ 

03 

0.260 1 E — 0 1 

0 .68926 

00 

92 

0.22776 

03 

0.24886-01 

0.68906 

00 

93 

0.2381E 

03 

0 . 2  380E-01 

0.6867E 

00 

94 

0 . 249  IE 

03 

0.2276E-01 

0.6884F 

00 

95 

0 . 2605  E 

03 

0.21776-01 

0.6882E 

00 

96 

0.27246 

03 

0.20826-01 

0.6879E 

00 

97 

C.2849E 

03 

0. 1992E-01 

0.68776 

00 

98 

0.2980E 

03 

0.19056-01 

0.6874E 

00 

99 

0.31176 

03 

0.18226-01 

0.6872E 

00 

100 

0 . 3 2606 

0  3 

0. 17426-01 

0.6870E 

00 

1.1  T()  6.1 
H 

0. 3531 t  01 
0.35156  01 
0.34976  01 
0.34796  01 
0.34616  01 
0.34416  01 
0.34216  01 
0.33996  01 
0.33776  01 
0.33536  01 
0.33296  01 
0.33036  01 
0.3276E  01 
0.32486  01 
0.32196  01 
0.31896  01 
0.31576  01 
0.31236  01 
0.30886  01 
0. 30526  01 
0.30146  01 
0.29746  01 
0.29326  01 
0.2688E  Oi 
0.  2842  E  01 
0.27956  01 
0.27456  01 
0.26926  01 
0.26386  01 
0.25816  01 
0.25216  01 
0.24586  01 
0.23936  01 
0.23256  01 
0.2253E  01 
0.21786  01 
0.21006  01 
0.20196  01 
0.1933E  01 
0.1844E  01 
0.17506  01 
0.1652E  01 
0.15506  01 
0.1443E  01 
0.13316  01 
0.12146  01 
0.1092E  01 
0.9637E  00 
0.82986  00 
0.68986  00 
0.54346  00 


* 


GA/PHYS/63-5 ,6 

OPTIMUM  MAPS  H-TKAJECTOHY  FOH  ORBITAL  RANGE  =1.1 
PUSS  1BL6  ORBITAL  IMPULSES  (DV/VCS)—  OUTER  ERRORS 


PCI 

2 )  = 

0.4699C-G0 

RC  = 

0.5229E 

01 

FU( 

3 )  = 

G.4699E-00 

R0  = 

0. 5249E 

01 

FO  ( 

41  = 

Q.4699E-00 

R0  = 

0.52606 

01 

FOI 

5 )  = 

0 .46996-00 

KD  = 

0.5270E 

01 

FC  ( 

6 )  = 

0.4699E-00 

RO  = 

0.52786 

01 

FOI 

/)  = 

0.4700E-00 

R0  = 

0.52866 

01 

FOI 

e)  = 

0.4  /OOE-OO 

R0  = 

0.52936 

01 

FOI 

9  )  = 

0.4700E-00 

RO  = 

0.53006 

01 

FOI 

10)  = 

0.4700E-00 

R0  = 

0.5308E 

01 

FUI 

11)  = 

0.47006-00 

RC  = 

0.53156 

01 

FOI 

12 )  = 

0.4700E-00 

RC  = 

0.5322E 

01 

FOI 

13)  = 

0.47006-00 

RO  = 

0.5329E 

01 

FOI 

14)  = 

0.4/00E-00 

RC)  = 

0.53366 

01 

FOI 

15)  = 

0 . 470  IE-0  0 

RO* 

0.53436 

01 

FOI 

16)  = 

0.470 1C-G0 

RO  = 

0.5350E 

01 

FOI 

17)  = 

0.4701E-00 

RO  = 

0.5353E 

01 

FUI 

18)  = 

0 .47016-00 

R0  = 

0.5366E 

01 

FOI 

19)  = 

0.4701E-00 

R0  = 

0.53736 

01 

FOI 

20)  = 

0.470  IE-00 

R0  = 

0.5381E 

01 

FOI 

21)  = 

0.4701E-00 

K0  = 

0.5390E 

01 

FOI 

22)  = 

0.4701E-00 

R0  = 

0.5398E 

01 

FOI 

23)  = 

.0.4/026-00 

R0  = 

0.5407E 

01 

FOI 

24)  = 

G.4702E-00 

R0  = 

0.5416E 

01 

FOI 

25)  = 

0.4702E-00 

R0  = 

0.54256 

01 

FOI 

26)  = 

0.47026-00 

K0  = 

0.5435E 

01 

FCI 

27)  = 

0.4702E-00 

RO  = 

0.5445E 

01 

FOI 

28)  = 

0.4  702E-00 

R0  = 

0.54556 

01 

FOI 

29)  = 

0.4703t-00 

R0  = 

0.5466E 

01 

FOI 

30)  = 

0.4703E-00 

R0  = 

0.5476E 

01 

FOI 

31)  = 

0 . 4703E-00 

RO  = 

0.5488E 

01 

FOI 

32)  = 

0.4703E-00 

R0  = 

0.55006 

Cl 

FUI 

33)  = 

0.4704E-00 

RO  = 

0.5512E 

01 

FOI 

34)  = 

0.4704E-00 

R0  = 

0.5525E 

01 

FOI 

35)  = 

0  •  4704E-00 

R0  = 

0.5538E 

01 

FOI 

36)  = 

0 . 4704E-00 

R0  = 

0.55526 

01 

FOI 

37)  = 

0.4705E-C0 

R0  = 

0.55666 

01 

FOI 

38)  = 

0.4705E-00 

RO  = 

0.55816 

01 

FOI 

39)  = 

0.4  /056-00 

R0  = 

0.55966 

01 

FOI 

40)  = 

0 . 4706E- 00 

R0  = 

0.56126 

01 

FOI 

41)  = 

0.4706E-00 

R0  = 

0.56296 

01 

FOI 

421  = 

0 .47060-00 

R0  = 

0.5646C 

01 

FOI 

43)  = 

0.4/076-00 

R0  = 

0.56646 

01 

FOI 

44)  = 

0.4707E-00 

R0  = 

0.56836 

01 

FOI 

45)  = 

0.4707E-00 

R0  = 

0.57026 

01 

FOI 

46)  = 

0.4708E-00 

R0  = 

0.5723E 

01 

FOI 

47)  = 

0 .47086-00 

R0  = 

0.57446 

01 

FCI 

48)  = 

0.47096-00 

R0  = 

0.57666 

01 

FCI 

49)  = 

0.4709E-00 

R0  = 

0.57896 

01 

315 
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GA/FHYS/63-5,6 


OPTIMUM 


FC(  50  = 
FC(  511= 
F(!(  52)  = 
FG (  53)= 
FG  (  50  = 
FG (  55)= 
FG(  56)= 
FG (  57)= 
FO (  58  )  = 
FU(  59)  = 
FU(  60  = 
FG (  61)= 
FG{  62)= 
F0{  63)= 
FG(  64)  = 
FO (  65)= 
FO (  66)= 
F0(  67)= 
FOC  68)= 
FC (  69)= 
FC  (  70* 


MAPS  li-TRA  J EC TORY  FOR  ORUITAL  RANGE  =  1.1  TO  6.1 


0  .A  7  106-00 

R0=  0.5813E 

01 

0.47106-00 

R0=  0.583BE 

01 

0.47 1 IE-00 

R0  =  0.58646 

01 

0.4  7 12E-G0 

R0=  0.58916 

01 

0.4/126-00 

K0=  0.59196 

01 

0.47136-00 

R0=  0.59486 

01 

0.4714E-00 

R0=  0.59796 

01 

0.4/156-00 

RO  =  0.6011E 

Cl 

0.47156-00 

R0=  0.60446 

01 

0.47166-00 

RO  =  0.6079E 

01 

0.47176-00 

R0=  0.61156 

01 

0.47186-00 

RO  =  0.61 53E 

01 

0.47 19E-00 

R0=  0.61936 

01 

0 . 4720E-00 

RO  =  0.6234E 

01 

0.47216-00 

RO*  0.6277E 

01 

0.47236-00 

RO*  0.6321E 

01 

0.47246-00 

RO*  0.63686 

01 

0.47256-0C 

RO*  0.6417E 

01 

0 .47276-00 

RO*  0.64686 

01 

0.4/28E-00 

RO*  0.6520E 

01 

0.47306-00 

K0«  0.6576E 

01 

Jl6 


GA/PHYS/63-5 , 6 

OPTIMUM  MAH 3  H-THAJECTOHY  FOH  ORBITAL  HAKGE  =  1.1 
POSSIBLE  ORBITAL  IMPULSES  (DV/VCS)—  INNER  ERRORS 


FO  ( 

21=  0.48296-00 

RO  = 

0.39486 

01 

FO  ( 

3) =  0.4829E-00 

R0  = 

G.3936E 

01 

FC( 

4)  =  0. 48296-GO 

R0  = 

0.3927 £ 

01 

FO  ( 

5)  =  0.48296-00 

RO  = 

0.3920E 

01 

FO  C 

6  )  =  0 .48296-00 

RD  = 

0.39136 

01 

FO  ( 

7  )  =  G.4829E-00 

RO  = 

0.3907E 

01 

FO  ( 

8  )  =  0 . 4829E-C0 

R(}  = 

0.39016 

01 

FO  ( 

9  )  =  0.4829E-00 

RO  = 

0. 38966 

01 

FO  ( 

10 ) =  0.4829E-00 

RO  = 

0.38906 

01 

FO  C 

11)=  0.48296-00 

R0  = 

0.38846 

01 

FO  { 

12)=  0.4830E-00 

RO  = 

0.38786 

01 

FO  ( 

13)=  G.4830E-00 

RD  = 

0.3873E 

01 

FO  ( 

14)=  0 . 48  30E-00 

RU  = 

0.3867E 

01 

FO  ( 

15)=  0.4830E-C0 

RO  = 

0.38616 

01 

FO  ( 

16)=  0.48306-00 

R0  = 

0.3855E 

01 

FO  ( 

17)=  0.4830E-00 

R0  = 

0. 3849E 

01 

FO  ( 

18)=  0.40  30E-00 

RO  = 

0.3842E 

01 

FO  ( 

19)=  0.4830E-00 

RO  = 

0.3836E 

01 

FO  ( 

20  )  =  G.4830E-G0 

R0  = 

0.38296 

01 

FO  ( 

21)=  0.4831E-00 

R0  = 

0.3822E 

01 

FO  ( 

22)=  0 . 4831E-00 

K0  = 

0.3815E 

01 

FO( 

23)=  0.4831E-00 

RO  = 

0.3808E 

01 

FO  ( 

24)=  0. 48316-00 

R0  = 

0.3800E 

01 

FO  ( 

25)=  G.  48316-00 

R0  = 

0.3793E 

01 

FO  ( 

26)=  0.4831E-00 

RO  = 

0.3785E 

01 

FO  ( 

27)=  0.4831E-00 

RO  = 

0.37766 

01 

FO  ( 

28)=  0.4832E-00 

R0  = 

0.3768E 

01 

FO  ( 

29)=  G.4832C-00 

RO  = 

0.3758E 

01 

FO  ( 

30)=  0 . 4332E-00 

R0  = 

0.37496 

01 

FO  ( 

31)=  0.4832E-00 

RD  = 

0.3739E 

01 

FC( 

32)=  0.4833E-00 

R0  = 

0.37296 

01 

FO  ( 

33)=  0 .48336-00 

R0  = 

0.37196 

01 

FO( 

34)=  0 . 48336-00 

R0  = 

0.37086 

01 

FO  ( 

35)=  0.4B33E-00 

R0  = 

0.36966 

01 

FO  ( 

36)=  0.40346-00 

RO  = 

0.36856 

01 

FO  ( 

37)=  0 . 4b34E-00 

R0  = 

0.36726 

01 

FU  ( 

38)=  0.48346-00 

R0  = 

0.36596 

01 

FG( 

39)=  0.4835E-C0 

R0  = 

0.36466 

01 

FG  ( 

40)=  0 .48356-00 

R0  = 

0.36326 

01 

FO  ( 

41)=  0.40  36E-00 

R0  = 

0.3617E 

01 

FO  ( 

42)=  0.48366-00 

R0= 

0.3602E 

01 

F  0  ( 

43)=  0.46376-00 

K0  = 

0.35866 

01 

FO  ( 

44)=  0.48376-00 

R0  = 

0.35706 

01 

FO  ( 

45)=  0.48  38E-00 

R0  = 

0.35536 

01 

FO  ( 

46)=  0.4038E-00 

R0= 

0.3535E 

01 

FO( 

47)=  0.4639L-00 

R0  = 

0.3516E 

01 

FO  I 

48)=  0.48406-00 

KO  = 

0.3496E 

01 

FO  ( 

49)=  0.48416-00 

R0  = 

0.3476E 

01 
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FO  ( 

50)  = 

0.4841E-00 

R0=  0.34556 

01 

FG( 

51)  = 

0 .4842E-C0 

R0  =  0.34326 

01 

FC( 

52)  = 

0.4843E-00 

R0  =  0.3409E 

01 

FO  ( 

53)  = 

0.48446-00 

RD=  0.33856 

01 

F0( 

54)  = 

0.4646E-00 

R0=  0.3359E 

01 

F0( 

55)  = 

0.4847E-00 

R0=  0.3333E 

01 

FO  ( 

56)  = 

0.48486-00 

R0=  0.33C5E 

01 

F0{ 

57)  = 

0 • 48506-00 

RG=  0.32766 

01 

FO  ( 

56)  = 

0.4652E-00 

R0=  0.32466 

01 

F0( 

59)  = 

0.4653E-00 

RO  =  0.32156 

01 

FO  ( 

60)  = 

0.4855E-C0 

R0=  0.31826 

01 

FO  ( 

61)  = 

0.48586-00 

R0=  0.31486 

01 

FO  ( 

62)  = 

0 .48606-00 

RD=  0.3112E 

01 

FC( 

63)  = 

0.48636-00 

R0=  0.3074E 

01 

FO  ( 

64)  = 

0. 48666-00 

R0=  0.3035E 

01 

FO( 

65)  = 

0 . 4869E-00 

RG=  0.2  9956 

01 

FO( 

66)  = 

0 . 4873E-00 

R0=  0.2952E 

01 

FG( 

67)  = 

0.48776-00 

R0=  0.2908E 

01 

FO  ( 

68)  = 

0.488  IE-00 

R0=  0.28616 

01 

FG( 

69)  = 

0 . 4886E-00 

R0=  0.2813E 

01 

FO  ( 

70)  = 

0.4891E-00 

R0=  0.2763E 

01 

FG( 

71)  = 

0.4898E-00 

R0=  0.27106 

01 

FO  1 

72)  = 

0 . 4904E-00 

R0=  0.26556 

01 

FO  ( 

73)  = 

0.491 2E-00 

R0=  0.25986 

01 

FO( 

74)  = 

0.4921E-00 

R0=  0.25396 

Cl 

FG  ( 

75)  = 

0.49306-00 

R0=  0.2476E 

01 

FO  ( 

76)  = 

0.49416-00 

RO  =  0.24126 

01 

FO( 

77)  = 

0.49546-00 

R0=  0.23446 

01 

FOt 

78)  = 

0 . 4968E-00 

R0=  0.22746 

01 

FO  ( 

79)  = 

0.49846-00 

R0=  0.2201E 

01 

FO  ( 

80)  = 

0 . 50026  00 

RO  =  0.21256 

01 

FO  ( 

81)  = 

0.50236  00 

R0=  0.20466 

01 

F0« 

82)  = 

0.50476  00 

R0=  0.19646 

01 

FC  ( 

83)  = 

0.50756  00 

RO  =  0.18796 

01 

FU  ( 

84  )  = 

0.51086  00 

RQ=  0.17916 

01 

FU( 

86)  = 

0.51466  00 

RO*  0.1700E 

01 

FC( 

86)  = 

0.51916  00 

K0=  C. 16056 

Cl 

FG( 

87)  = 

0.52446  00 

RU  =  0.15086 

01 

FC< 

86 )  = 

0.5307c  00 

R0=  0.14076 

01 

FG  ( 

89)  = 

0.5384E  00 

R0=  0.13046 

01 

FG( 

90)  = 

0.5477C  00 

R0=  0.11976 

01 
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CORRECTION  RaDII  —  INNER  AND  OUTER  ERRORS 


R 

FIR 

VR 

H 

2 

0. 1100b 

01 

0.1540E  01 

C.2305C 

01 

0.2536C 

01 

3 

0.1166E 

01 

0 . 1 26  It  01 

0.2283E 

01 

0.25476 

01 

4 

0. 1235E 

01 

0.1136b  01 

0.22626 

01 

0.25526 

01 

5 

0. 1309E 

01 

0.1G42E  01 

0.2242E 

01 

0.25576 

01 

6 

0.138fat 

01 

0.96496  00 

0.22226 

01 

0.25616 

01 

7 

0 . 147  It 

01 

0.8980b  00 

0.2204C 

01 

0.25656 

01 

8 

0. 15S9fc 

01 

0 . 8388t  00 

0.21866 

01 

0.25696 

01 

9 

0. 1652E 

01 

0.7856b  GO 

0.21706 

01 

0.25736 

01 

10 

0.1751b 

01 

0.73736  00 

0.21546 

01 

0.25766 

01 

11 

0.1855E 

01 

0.6929C  00 

0.2139C 

01 

0.25806 

01 

12 

0 . 1966E 

01 

0.65206  00 

0.21256 

01 

0.25846 

01 

13 

G.2004E 

01 

0.6141E  00 

0. 21 1  IE 

01 

0.25886 

01 

14 

0.2208b 

01 

0.57886  00 

0 .2090E 

01 

0.25936 

01 

i  3 

U.2340E 

01 

0.5459E  00 

0 . 2  0  8  6 1 

01 

0.2597c 

01 

16 

0 . 248u6 

01 

0.5151b  Co 

0 • 207 4t 

01 

0. 2602  E 

01 

17 

0.2629E 

Cl 

0 . 48636-00 

0. 2C636 

01 

0. 26066 

01 

16 

0.2786b 

01 

0. 4592b-00 

0.20536 

01 

0.26116 

01 

19 

0 .2952c 

01 

0.4337c- 00 

0.204  36 

01 

0. 2617c 

01 

20 

0 . 3129E 

01 

0.4097b-00 

0.20346 

01 

0.  262  2c 

01 

21 

0 .331bE 

01 

0. 3671C-00 

0. 20256 

01 

0.26286 

01 

2  2 

i.- .  3  5  1 4  6 

01 

0 . 36586-00 

0 .20166 

01 

0.26346 

01 

i  j 

C .3725b 

01 

0.3457E-00 

(1.20086 

01 

0 . 2640c 

01 

24 

0 . 3  9  4  7 1 

01 

0. 32676-00 

C. 200  16 

01 

0. 2647c 

01 

25 

0 . 4 1 b  3c 

01 

0. 30886-0C 

0. 19946 

01 

•j  .26546 

01 

26 

0.4433b 

01 

0.29 196-00 

0.1987E 

01 

0. 266 1  c 

01 

27 

0.4699b 

01 

0 . 2759c- 00 

0.19816 

01 

0.26696 

01 

26 

0 .4979b 

01 

0 . 260 86-00 

0.19746 

01 

0.267/6 

01 

29 

0.5277b 

01 

0.24656-00 

C. 19696 

Gi 

0.26866 

01 

30 

0 .5593b 

01 

0 .2330C-00 

0. 19636 

01 

0.2695b 

01 

31 

0.5927E 

01 

0 .22026-00 

0.19586 

01 

0 . 2  7  04 

01 

32 

0 .6262C 

01 

0.20816-00 

0. 1953E 

01 

0.27156 

01 

33 

0.665/E 

Cl 

0 . 19676-00 

0.19496 

01 

0.  2  72  51. 

01 

34 

0.70556 

01 

0. 185  BE- 00 

0. 19446 

01 

0.27376 

01 

35 

0.74  7  /c 

01 

0.17566-00 

0.194UL 

01 

0.2749b 

01 

36 

0.7924b 

01 

0. 16606-00 

0.19366 

01 

0.2761b 

01 

37 

U  .  8  3  9  b  6 

01 

0 . 15686-00 

0.19336 

01 

0.27756 

01 

38 

0.89.;;0E 

01 

0.14826-00 

0.19296 

01 

0.27896 

01 

39 

0.9433G 

01 

0.14006-00 

0.19266 

01 

0.28046 

01 

40 

0.99976 

01 

0. 1323t-00 

0. 1923E 

01 

0.2820b 

01 

41 

0.10596 

02 

0.12496-00 

0.19206 

01 

0.28376 

01 

42 

0.11236 

02 

0. 1180E-00 

0.19176 

01 

0.28556 

01 

43 

0.11906 

02 

0. 1115C-00 

0.19146 

01 

0.28746 

01 

44 

0.1261c 

02 

0.10536-00 

0. 1912C 

01 

0.2894c 

01 

45 

0 . 1336b 

0  2 

0.99486-01 

0.19106 

01 

G. 291 5E 

01 

46 

0.1416b 

02 

0.93966-01 

0.190  76 

01 

0.2938c 

Cl 

47 

0.150 1C 

02 

0.6b 7 4c- 01 

0.19056 

01 

0.2962c 

01 

4  8 

0.1591b 

02 

0.838 16-01 

C . 190  36 

01 

0. 2967c 

01 

49 

G  .  1 6  6  6  E 

02 

0.79156-01 

0. 19C  It 

01 

0. 30146 

01 

3a 
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OPTIMA  MARS  A 

-TRAJECTORY  FOR  ORBITAL  RANGE  = 

1.1  TO  6. 

1 

R 

FIR 

VR 

H 

50 

0 . 1  7  8  /  c 

02 

0. 74746-01 

0.19006 

01 

0. 3042 t 

01 

1)1 

0 .18946 

02 

0.70586-01 

0.18986 

01 

0. 3072t 

01 

52 

0.20076 

02 

0.6665E-C1 

0. 18966 

01 

0. 3 104C 

01 

51 

0.212/C 

02 

0.6293E-01 

0.1095E 

01 

0.31386 

01 

54 

0.22546 

02 

0.59426-01 

0.18946 

ul 

0.31746 

01 

55 

0.23696 

02 

0.36106-01 

0.18926 

01 

0. 32  1 1 1 

01 

56 

0.26326 

02 

G.5297E-01 

0. 13916 

01 

0.32526 

01 

57 

0.26636 

02 

0.50016-01 

0.18906 

01 

0.32946 

01 

5b 

0 .2644c 

02 

0.472 16-01 

G.1889E 

01 

0.33396 

01 

59 

0.3014E 

02 

0 . 44576-01 

0.18886 

01 

0.3367E 

01- 

60 

U . 31946 

02 

0.42086-01 

0. 18876 

01 

0.34376 

01 

61 

0 . 33856 

02 

0.39726-01 

0.18866 

01 

0.34916 

01 

62 

0.35876 

02 

0.3750 £-01 

0.18856 

01 

0.35486 

01 

63 

0.30026 

02 

0.35406-01 

0. 16846 

01 

0.36086 

01 

64 

0.4029E 

02 

G. 33416-01 

0. 18836 

01 

0. 3672c 

01 

(  5 

n  .427  >'■  6 

02 

0.3154E-01 

0.18826 

01 

0.37396 

01 

oo 

l-  .43256 

02 

0. 29776-01 

0.18826 

01 

0.38116 

01 

6  1 

0.47966 

02 

0. 2810fc-Gl 

0.18816 

01 

0.38876 

01 

68 

0 .50836 

02 

0.26526-01 

0.1880E 

01 

0.39686 

01 

69 

0.53876 

02 

0.250  36-01 

0.1880E 

01 

0.40536 

01 

70 

0.3  709 6 

02 

0.2363E-01 

0.18796 

01 

0.41436 

01 

71 

O' .  oO  30  6 

0  2 

G.223Ot-01 

0.18796 

01 

0.42396 

01 

72 

0.6412E 

02 

0.21056-01 

0.18786 

01 

0. 4340t 

01 

73 

0 .67956 

02 

0.19876-01 

0.18786 

01 

0.44486 

01 

74 

0.72026 

02 

0.18756-01 

0.1877E 

01 

0.45626 

01 

75 

0.76326 

02 

0. 1770H-C1 

0.18776 

01 

0.46836 

01 

76 

0.0069E 

02 

0 . 1670E-01 

0.18776 

01 

0.48116 

01 

77 

0 .85726 

02 

0. 1576E-01 

0.1876E 

01 

0.49466 

01 

78 

0.90856 

02 

0.1487E-01 

0.1876E 

01 

0.50906 

01 

79 

0.96286 

02 

0.14046-01 

0. 1876E 

01 

0.5243E 

01 

80 

0.10206 

03 

0.13256-01 

0.18756 

01 

0. 54046 

01 

81 

0.10816 

0  3 

0.12506-01 

0.1875E 

01 

0.55756 

01 

82 

0.11466 

03 

0.11806-01 

0.1875E 

01 

0.5757E 

01 

83 

0.12156 

03 

0. 1113E-01 

0.1874E 

01 

0.5949E 

01 

84 

0.12876 

03 

0.10516-01 

0.1874E 

01 

0.61536 

01 

85 

0.1364E 

03 

0.99166-02 

0.1874E 

01 

0.63686 

01 

86 

0.14466 

03 

0.93576-02 

0.18746 

01 

0.65976 

01 

8  7 

0.1532E 

03 

0 . 8630E-02 

0.1873E 

01 

0.68406 

01 

88 

0.16246 

03 

0.83336-02 

0.18736 

01 

0.70976 

01 

89 

0.17216 

03 

0.7864E-02 

0.18736 

01 

0.7369E 

01 

90 

0.18246 

03 

0.7421  E-02 

0.1673E 

01 

0.76586 

01 

91 

0.1933E 

03 

0./002E-02 

0. 1873E 

01 

0.79646 

01 

92 

0.20486 

03 

0.66086-02 

0. 1873t 

01 

0.8288E 

01 

93 

0.21716 

03 

0.62366-02 

0. 18726 

01 

0.8631E 

01 

94 

0.23016 

03 

0.58846-02 

0.18726 

01 

0.89956 

01 

95 

0.2438E 

03 

0.55536-02 

0.1872E 

01 

0.93816 

01 

96 

0.25846 

03 

0.52406-02 

0.18726 

01 

0.97906 

01 

97 

0 .27396 

03 

0.49446-02 

0.1872E 

01 

0.10226 

02 

98 

0.29026 

03 

0.46666-02 

0.18726 

01 

0.10686 

02 

99 

Q.3076E 

03 

0.44036-02 

0.18726 

01 

0.11176 

02 

100 

0.32606 

03 

0.41546-02 

0.18726 

01 

0. 1169E 

02 

32? 
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FOl 

2 )  =  G.  1352E 

01 

R0=  G.1100E 

01 

BUI 

3)  =  0.1352E 

01 

RO  =  0.U06E 

01 

FO  ( 

4)  =  G.1353C 

01 

RG=  0.1108E 

01 

FG  ( 

5  )  =  0. 1353E 

01 

R0=  O.lllit 

01 

FO( 

6  )  =  G.1  353E 

01 

K0=  0.1113E 

01 

FC( 

7  )  =  0.1353E 

01 

RO  =  0.1115E 

01 

FO  ( 

6)  =  0.1353b 

Cl 

RU=  0.1117E 

01 

FCI 

9)  =  0.1353E 

01 

R0=  0.1119E 

01 

F0( 

10 ) =  0.1354b 

0  1 

RO  =  0.1121b 

01 

FCI 

11)=  0.1354b 

01 

RO  =  0.1123E 

01 

FO  I 

12)=  0.1354E 

01 

R0=  0.1125b 

01 

FO  I 

13)=  G.1354E 

01 

R0=  0.1127E 

01 

FO  I 

14)=  0 . 1 3  5  4 1 

01 

R0=  0.1130E 

01 

FOI 

15)=  0.1354F 

01 

R0=  0.1132E 

01 

FO  l 

16)=  0.1355C 

01 

R0=  0.1134b 

01 

FG  I 

17)=  0.1355C 

01 

R0=  0.1 1 3  7  fc 

01 

FOI 

lcs )  =  G.  1355E 

01 

R0=  0.1139E 

01 

FOI 

19)=  0.1355E 

01 

RO  =  0.1142C 

01 

FOI 

20 ) =  0 . 1 355E 

01 

RU=  0.1145b 

01 

FOI 

21)=  0.1356E 

01 

R0=  0.114BE 

01 

FOI 

22)=  0 • 1336c 

01 

RO  =  0.1151E 

01 

FCI 

23)=  0.1356E 

01 

l<0=  0.1155b 

01 

FOI 

24)=  0.1356E 

or 

R0=  0.U58E 

01 

FOI 

25)=  0.1357E 

01 

R0=  0.1162E 

01 

FOI 

26)=  0.1357E 

01 

R0=  0.1165b 

01 

FCI 

27  )=  0 . 1 357t 

01 

R0=  0.1170C 

01 

FOI 

2o)=  0 . 1 3  5  6 1 

01 

RD=  0.1174E 

01 

FOI 

29)=  U.1358E 

0  1 

R0=  0.1178E 

01 

FOI 

30)=  0.1358b 

01 

R0=  0.1183E 

01 

FOI 

311=  0.1359E 

01 

RO  =  0.1188E 

01 

FOI 

32)=  0.1359E 

01 

KO *  0.1 194t 

01 

FOI 

33)=  0.l359t 

01 

RO  =  0.1199E 

01 

FCI 

34 ) =  0 . 1 360E 

Gl 

R0=  0.1205E 

01 

FOI 

35)=  U.1360C 

01 

R0=  0.1212E 

01 

FOI 

36  )=  0.13611: 

01 

i<0  =  0.1218b 

01 

FCI 

37  )=  0.1361E 

Cl 

RO  =  0.1225E 

Cl 

FOI 

38  )  =  0 . 1362L 

01 

RO  =  0.1  233E 

01 

FCI 

39)=  G.1363L 

01 

KO  =  0.1241E 

01 

FOI 

40  )  =  0.1363b 

01 

RU  =  0.1 249E 

01 

FOI 

41)=  G.1364E 

01 

R0=  0.1258b 

01 

FCI 

42)=  0.1364b 

Cl 

R0=  0.1267E 

01 

FUI 

43)=  0.1365C 

01 

R0=  0.1277C 

01 

FOI 

44  )=  0.1366b 

01 

RU=  0.1288E 

01 

FOI 

45)=  0.1367E 

01 

RO  =  0.1299E 

01 

FOI 

46)=  G.136BE 

01 

R0=  0.13116 

01 

FOI 

47)=  0.1369E 

01 

RU=  0.1323C 

01 

FOI 

46)=  0 . 1 3 7 0 1 

01 

K0=  0.1337E 

01 

FOI 

49)=  0 . 137  IE 

01 

R0=  0.1351E 

01 
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FC  ( 

50)  = 

0.1372b 

01 

R0=  0.1366E 

01 

FO  ( 

51)  = 

0.13730 

01 

R0=  0.1382E 

01 

FO( 

52)  = 

0.1374E 

01 

RU=  0.1398b 

01 

FGl 

53)  = 

0.1375E 

01 

RO  =  0.1416E 

01 

FC  ( 

54)  = 

0.1377E 

01 

R0=  0.1435E 

01 

FOI 

55)  = 

0.1378C 

01 

RO  =  0.1455E 

01 

FO( 

56)  = 

0. 1380b 

01 

R0=  0.1476E 

01 

FG( 

57)  = 

0.1381b 

01 

RG=  0.1499b 

01 

FOI 

58)  = 

0.1383E 

01 

RO  =  0.1522E 

01 

FOI 

59)  = 

0. 13B5E 

01 

K0=  0.1548b 

01 

FOI 

60)  = 

0.1386b 

01 

R0=  0.1574E 

01 

FOI 

61)  = 

0.138BE 

01 

R0=  0.1603b 

01 

FLl 

62)  = 

0.1390b 

01 

R0=  0.1633E 

01 

FOI 

63)  = 

0. 1392E 

01 

R0=  0.1665E 

01 

FOI 

64)  = 

0.1395E 

0  1 

R0=  0.1698E 

01 

FOI 

65)  = 

0. L397C 

01 

R0=  0.1734E 

01 

FOI 

66)  = 

0.1399b 

01 

R0=  0.1772E 

01 

FOI 

67)  = 

0.1402b 

01 

R0=  0.1812E 

01 

FOI 

68  )  = 

0.1405E 

01 

R0=  0.1855E 

01 

FOI 

69)  = 

0.1407b 

01 

R0=  0.1900E 

01 

FOI 

70)  = 

0.1410b 

01 

R0=  0.1 948b 

01 

roi 

71)  = 

0.L413E 

01 

R0=  0.1999E 

01 

FOI 

72)  = 

0.1417E 

01 

RO  =  0.2053E 

01 

FOI 

73)  = 

0.1420E 

01 

R0=  0.2110E 

01 

FOI 

74)  = 

0.1423E 

01 

R0=  0.2170E 

01 

FOI 

75)  = 

0 . 14276 

01 

RO*  0.2234E 

01 

FOI 

76)  = 

0.1430E 

01 

R0=  0.2302E 

01 

FOI 

77)  = 

0.1434E 

01 

RD=  0.2375E 

01 

FOI 

78)  = 

0.1438b 

01 

R0=  0.2451E 

01 

FOI 

79)  = 

0.1442E 

01 

RO  =  0.2532E 

01 

FOI 

80)  = 

0.1446E 

01 

R0=  0.2618C 

01 

FOI 

81)  = 

0. 1450b 

01 

R0=  0.2709E 

01 

FOI 

82)  = 

0.1455b 

01 

R0=  0.2806E 

01 

FOI 

83)  = 

0.1459b 

01 

RU  =  0.2908E 

Ul 

FOI 

84)  = 

0.1464b 

01 

R0=  0.3017E 

01 

FOI 

85)  = 

0.1469b 

01 

R0=  0.3132E 

01 

FOI 

86)  = 

G.  147  3b 

01 

R0=  0.3254E 

01 

FOI 

8 /)  = 

0. 1478E 

01 

R0=  0.3383E 

01 

FOI 

88)  = 

0. 1483E 

01 

RQ=  0.3520b 

01 

FOI 

89)  = 

0.1488b 

Cl 

R0=  0.3665E 

01 

FOI 

90  = 

0.1493b 

01 

RO  =  0.3819E 

01 

FOI 

91)  = 

0. 1499b 

01 

RO  =  0.3982b 

01 

FOI 

92)  = 

0.1504E 

01 

K0=  0.4155E 

01 

FOI 

93)  = 

0.1509E 

01 

RO =  0.4339E 

01 

FOI 

94  1  = 

0.1515b 

01 

R0=  0.4533E 

01 

FOI 

95)  = 

0.1520b 

01 

R0=  0.4739E 

01 

FOI 

96)  = 

0.1526b 

01 

RO  =  0.4957b 

01 

FOI 

97)  = 

0. 1531b 

01 

R0=  0.5189E 

01 

FOI 

98)  = 

0. 1537b 

01 

K0=  0.5434E 

01 

FOI 

99)  = 

u.  1543E 

01 

K0=  0.5694E 

01 

FIJI 

100)  = 

0. 1548E 

01 

R0=  0.5970b 

01 
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FC  (  2  )  =  0 . 1352t  01  R0=  0.1099C  01 

FU(  31=  C.1351E  01  R0=  0.1093b  01 


i 


\ 
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OPTIMUM  VENUS  11-T.;AJECTGRY  FOR  ORBITAL  RANGE 


1.1  TO  6.1 


CORRECTION  RAO  1 1  --  INNER  AND  OUTER  ERRORS 


R 

FIR 

VR 

H 

2 

0.6100E 

01 

0.15716 

01 

0.6659E  00 

0.40626 

01 

3 

0 .6314b 

01 

0. 1364E 

01 

0.6575E  00 

0.40716 

01 

4 

0.65356 

01 

0. 1278E 

01 

0.64936  00 

0.40746 

01 

5 

0.6764E 

01 

0.12136 

01 

0.64126  00 

0.40776 

01 

6 

0 . 700  IE 

01 

0.11586 

01 

0.63346  00 

0.40806 

01 

7 

0.7246b 

01 

o.  hue 

01 

0.6257E  00 

0.4C32F: 

01 

3 

0.7499b 

01 

0. 1068b 

01 

0.61826  00 

0.4085b 

01 

9 

0.7762E 

01 

0.1C296 

01 

0.61096  00 

0.4087C 

01 

10 

0.8034E 

01 

0.9929C 

00 

0.60376  00 

0.40896 

01 

11 

0.8315E 

01 

0.9593E 

00 

0.5967E  00 

0. 4091 6 

01 

12 

0  .8  60  7  E 

01 

0.9278b 

00 

0.58986  00 

0. 40936 

01 

13 

0.8908E 

01 

0.8980E 

00 

0 • 583  IE  CO 

0.4095c 

01 

14 

0.9220E 

01 

0.8698E 

00 

0.57666  00 

0.40976 

01 

15 

0.9543E 

01 

0.8430E 

00 

0.57026  00 

0.4098E 

01 

16 

0 .98  77E 

01 

0.81746 

00 

0.56396  00 

0.4100E 

01 

17 

0.1022E 

02 

0.7929E 

00 

0.55786  CO 

0.4102E 

01 

18 

0.105BE 

02 

0.7695E 

00 

0.55186  00 

0.41046 

01 

19 

0. 1095E 

02 

0.7469E 

00 

0.5460E  00 

C.4106C 

01 

20 

0.1134E 

02 

0.7252E 

00 

0.5403E  00 

0. 41 086 

01 

21 

0.1173E 

02 

0.7043E 

00 

0.53486  CO 

0.41106 

01 

22 

0.1214b 

02  . 

0.6841E 

00 

0.5293E  00 

0.41126 

01 

23 

0.1257E 

02 

0.6647E 

00 

0.52416  00 

0.41146 

01 

24 

0.13016 

02 

0.64586 

00 

0.51896  00 

0. 41 1  6fc 

01 

25 

0.1346E 

02 

0.6276E 

00 

0.51396  00 

0.41186 

01 

26 

0.13946 

02 

0.60996 

00 

0.50896  00 

0.41206 

01 

27 

0.14426 

02 

0.5928E 

00 

C.5041E  00 

0.41236 

01 

28 

0.1493E 

02 

0.57626 

00 

0. 4995t-00 

0.4125C 

01 

29 

0.1545E 

02 

0.56016 

00 

0.49496-00 

0.41276 

01 

30 

0.15996 

02 

0.54446 

00 

0.49056-00 

0.41296 

01 

31 

0.1655E 

02 

0.5292E 

00 

0.48616-00 

0.41326 

01 

32 

0.17136 

02 

0.51446 

00 

0.4819E-00 

0.41346 

01 

33 

0. 1773E 

02 

0 . 500 16 

00 

0.47786-00 

0.41376 

01 

34 

0.1835b 

02 

0.48616- 

00 

0.47386-00 

0 . 4 1  3  9 1 

01 

35 

0.1900E 

0? 

0.47256- 

00 

0.46996-00 

0.41426 

01 

36 

0.19666 

02 

0.45936- 

00 

0.46616-00 

0.4144E 

01 

37 

0.2036E 

02 

0.44646- 

00 

0.46246-00 

0.41476 

01 

38 

0.21066 

02 

0.43396- 

00 

0.458b6-00 

0.41506 

01 

39 

0.2180E 

02 

0.42176- 

00 

0. 4D52E-00 

0.41536 

01 

40 

0.22566 

02 

0.4099E- 

00 

0.45186-00 

0.41566 

01 

41 

0.2335E 

02 

0.39836- 

00 

0.44856-00 

0.41596 

01 

42 

0.24176 

02 

0.38706- 

00 

0. 44526-00 

0.41626 

01 

43 

0.2502E 

02 

0. 37616- 

00 

0.44216-00 

0.41656 

01 

44 

0.2590E 

02 

0.36546- 

00 

0.4390E-00 

0.41686 

01 

45 

0.26806 

02 

0.35506- 

00 

0.43606-00 

0.41726 

01 

46 

0.2774E 

02 

0.34496- 

00 

0.43316-00 

0.41756 

01 

47 

0.28716 

02 

0.33506- 

00 

0.43036-00 

0.41796 

01 

4B 

0.29726 

02 

0.32546- 

00 

0.42766-C0 

0.41836 

01 

49 

0.30  76E 

02 

0 . 316  IE- 

00 

0.42496-00 

0.41866 

01 
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OPTIMUM  VENUS 

H- TRAJECTORY  FOR 

ORBITAL  RANGE  = 

1.1  TO  6 

.  1 

R 

FIR 

VR 

H 

50 

0 . 3184E 

02 

0.3070E-00 

0.4223E-00 

0.4190E 

01 

51 

0 .32956 

02 

0 . 29816-00 

0.4198E-00 

0.41946 

01 

52 

0.3411E 

02 

0.2895E-00 

0.4173E-00 

0.4199E 

01 

53 

0 .3530E 

02 

0 . 28 1 OE-OO 

0. 41496-00 

0.42036 

01 

54 

0 . 3654E 

02 

0.2729E-00 

0. 41266-00 

0.4207E 

01 

55 

0.3782E 

02 

0.2649E-00 

0.4104E-00 

0.42126 

01 

56 

0 .3914E 

02 

0.2571E-00 

0.4082E-00 

0.42 1 76 

01 

5  7 

0  .405  IE 

02 

0.2495E-00 

0.4060E-00 

0.42226 

01 

58 

0.4193E 

02 

0. 2422E-00 

0. 4040E-G0 

C.4227E 

01 

59 

0.4340c 

02 

0 . 2  350E-00 

0.4020E-00 

0.4232E 

01 

60 

0  .4492E 

02 

0.2281E-00 

0.4000E-00 

0.4237E 

01 

61 

0.4649E 

02 

0.22 13E-00 

0.39816-00 

0.42436 

01 

62 

0  .4812E 

02 

0.2147E-00 

0.3963E-00 

0.4249E 

01 

63 

0  .4981E 

02 

0.2082E-00 

0.39456-00 

0.4254E 

01 

64 

0.5155E 

02 

0.2020E-00 

0. 3928E-00 

0.42616 

01 

65 

0.5335C 

02 

0.1959E-00 

0.391 16-00 

0.4267E 

01 

66 

0.5522E 

02 

0. 1900E-00 

0.36956-00 

0.4273E 

01 

67 

0 .5716E 

02 

0. 1843E-00 

0.38796-00 

0.4280E 

01 

68 

0.5916E 

02 

0. 1787E-00 

0  •  386412-00 

0. 4287c 

01 

69 

0.6123E 

02 

0 . 1732E-00 

0.38496-00 

0.42946 

01 

70 

0.6338E 

02 

0. 1679E-00 

0.3835E-00 

0.4302E 

01 

71 

0.6560E 

02 

0.1628E-00 

0 . 382  IE-00 

0.43106 

01 

72 

0.6789E 

02 

0. 15786-00 

0.38076-00 

0.43186 

01 

73 

0.7027E 

02 

0 . 1 530E-00 

0.3794E-00 

0.4326E 

01 

74 

G.  72  73E 

02 

0. 1482E-00 

0. 3782E-00 

0.43346 

01 

75 

0.7528E 

02 

0. 1437E-00 

0. 3769E-00 

0.4343E 

01 

76 

0 .7792 E 

02 

0. 1392E-00 

0.3757E-00 

0.43526 

01 

77 

0  .6064E 

02 

0 • 1349t-00 

0. 3746E-00 

0.43626 

01 

78 

0.8347E 

02 

0. 1307E-00 

0. 3734E-00 

0.4371E 

01 

79 

0.8639E 

02 

0. 12666-00 

0.37246-00 

0.43816 

01 

60 

0.8942E 

02 

0. 1227E-00 

0.371 3E-00 

0.4392E 

01 

81 

0.9255E 

02 

0.11886-00 

0. 3703E-00 

0.4402b 

01 

b2 

0.9579E 

02 

0.11516-00 

0. 3693E-00 

0.4414E 

01 

83 

G.9915E 

02 

0.11156-00 

0.3683E-00 

0.44256 

01 

64 

0.1026E 

03 

0. 10806-00 

0.3674E-00 

0.4437 fc 

01 

85 

0.1062E 

03 

0. 1045E-00 

0. 3665E-00 

0.4449E 

01 

86 

0. 1099E 

03 

0. 1012E-00 

0.36566-00 

0.4462E 

01 

87 

0.U36E 

03 

0.98036-01 

0 • 3648E-00 

0.4475E 

01 

88 

0.11786 

03 

0 . 9492E-01 

0.3640E-00 

0.4489E 

01 

89 

0.1219E 

03 

0.91B9E-01 

0.36326-00 

0.4503E 

01 

90 

0. 1262E 

03 

0.88966-01 

0.36246-00 

0.4518E 

01 

91 

0.1306E 

03 

0.86126-01 

0.36176-00 

0.4533E 

01 

92 

0.1352E 

03 

0 . 8337E-01 

0.361 OE-OO 

0.4548E 

01 

93 

0.1399E 

03 

0.8070E-01 

0. 3603E-00 

0.4565'; 

01 

94 

0.1446E 

03 

0.781  IE-01 

0. 3596E-00 

0.45816 

01 

95 

0.1499E 

03 

0.7559E-01 

0.3590E-00 

0.4599E 

01 

96 

0 . 155  IE 

03 

0. 7 316 E- 01 

0.3583E-00 

0.46166 

01 

97 

0.1605E 

03 

0.7080E-01 

0. 3577E-00 

0.4635E 

01 

98 

0.1662E 

03 

0.68516-01 

0 . 3571E-00 

0.46546 

01 

99 

0.1720E 

03 

0.6630E-01 

0  •  3566E- 00 

0.4674E 

01 

100 

0.1780E 

03 

0.6415E-01 

0.35 6 OE-OO 

0.46956 

01 
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FG  ( 

2 )  = 

G.2610E-00 

R0=  0.6101b 

01 

F0< 

3 )  = 

0.2608E-00 

R0=  0 . 612  IE 

01 

F0< 

4)  = 

0 . 2608E-G0 

R0=  0.6130E 

G 1 

FO( 

5)  = 

0 . 2  6  0  7  L  -  0  0 

R0=  G.6137E 

Cl 

F  U  ( 

6 )  = 

0. 26070-00 

RO  =  0.6144E 

01 

FO  ( 

7  )  = 

0 . 2606E-00 

RU=  0.6149E 

ul 

FC( 

8)  = 

0.2  606E- 00 

P.0=  0.6154E 

G 1 

FU( 

9)  = 

0 .26068-00 

R0=  0.6159E 

01 

FU( 

10)  = 

G.2605C-00 

RO  =  0.6164E 

01 

FO  ( 

LI  )  = 

0.260  5t-00 

RO  =  U.6169E 

G  1 

FO  ( 

12 )  = 

0 . 2605E-00 

R0=  0.6174E 

01 

F(J  ( 

131  = 

0. 2604E-00 

R0=  0.6178E 

01 

FG( 

14)  = 

0 . 2604G-00 

R0=  0.6183E 

01 

FO  C 

13)  = 

0 . 2604E-00 

R0=  0.6188E 

01 

FO( 

16)  = 

0.260 3 E-00 

RO  =  0.6192E 

01 

FO  ( 

17)  = 

0.2603E-00 

RO  =  0.6197E 

01 

FG  ( 

lb  )  = 

0 . 2b03t-00 

R0=  0.6201E 

01 

FO  ( 

19)  = 

0.2602E-00 

R0=  0.6206E 

01 

FO( 

20)  = 

0.2602E-00 

R0=  0.6211E 

01 

FO  ( 

21)  = 

G.2602E-00 

R0=  0.6215E 

01 

FO  ( 

22)  = 

0.2601E-00 

R0=  0.6220E 

01 

FG  ( 

23)  = 

0.2601E-00 

R0=  0.62.25E 

01 

FOl 

24 )  = 

0.2601E-00 

R0=  0.6230E 

01 

FO  ( 

25)  = 

0 .26008-00 

R0=  0.6235E 

01 

FO  ( 

26)  = 

0.2600E-00 

R0=  0.6240E 

01 

FO  ( 

27)  = 

0 . 2600E-00 

R0=  0.6245E 

01 

FG  ( 

20)  = 

0 . 2  599E-00 

R0=  0.6251E 

01 

FO  ( 

29  )  = 

0 . 2599E-00 

RO  =  0.6256E 

01 

FG  ( 

30)  = 

0 . 2598E-00 

R0=  0.6261E 

01 

FOl 

31  )  = 

0 . 2598fc-00 

R0=  0.6267E 

01 

FO  ( 

32)  = 

0 .2598E-00 

K0=  0.6273E 

01 

FC  ( 

33)  = 

0 . 2597E-00 

R0=  0.6279E 

01 

FO  ( 

34)  = 

0 . 2597E-00 

K0=  0.6285E 

01 

FO  ( 

35)  = 

0 . 2396E-00 

R0=  0 . 629  IE 

01 

FG  ( 

36  )  = 

0 .2596E-G0 

K0=  0.6298E 

01 

FG  C 

37)  = 

0 . 2596E-00 

R0=  0.6304E 

01 

FU  ( 

38)  = 

0 . 25950-00 

HO  =  0.6311b 

01 

FG  ( 

39)  = 

0.2595E-00 

R0=  0 . 63 1  BE 

01 

FG  ( 

40  )  = 

0 .2594E-00 

RO  =  0.6325E 

01 

FG  { 

41)  = 

0.2594E-00 

R0=  0.6332E 

01 

FO  ( 

42)  = 

0.2593E-00 

K0=  0.6340E 

01 

FO  ( 

43)  = 

0.2593fc-00 

R0=  0.6347E 

01 

FO  ( 

44)  = 

0  •  2392E-00 

RO  =  0.6355E 

01 

FO  ( 

45)  = 

0.2392E-00 

R0=  0.6363E 

01 

FOl 

46)  = 

0.2591E-00 

K0=  0.6372E 

01 

FO  ( 

47)  = 

0.259  IE-00 

R0=  0.6381E 

01 

FO  ( 

43)  = 

0 . 2590E-00 

KO  =  0.6389E 

01 

FO  ( 

49)  = 

0.2389E-00 

R0=  0.6399E 

01 
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OPTIMUM  VENUS  H-TuAJECTORY  FOR  ORBITAL  RANGE  =  1.1  TO  6.1 


FL)  ( 

50=  0.2589E-00 

R0  = 

0.64086 

01 

FO( 

51)  =  O.2588E-C0 

R0  = 

0.6418E 

01 

FO( 

52)=  Q.2588E-00 

ko= 

0.6428E 

01 

FO  { 

53)=  0.2587E-00 

RG  = 

0.6438L 

01 

FO{ 

54)  =  0.25B6E-00 

R0= 

0.6449E 

01 

FO( 

55)=  0.2586E-C0 

RQ  = 

0.6460E 

01 

FC( 

56)=  0.2585E-00 

RD  = 

0.6472E 

01 

FG  ( 

57)=  0 .  2584E-G0 

f<U  = 

0.6483E 

01 

FC  ( 

5fa  )=  0 . 2583fc-00 

K0  = 

0.6496E 

01 

FG{ 

59)=  0.2583E-00 

R0  = 

0 . 65G8E 

01 

FG( 

60=  0.2582fc-00 

RU  = 

0.6521E 

01 

FU( 

61)=  0.258  IE-00 

R0  = 

0.6535E 

01 

FO{ 

62)=  0 . 2 580E-00 

RD  = 

0.6549E 

01 

FO( 

63)=  0.2579E-G0 

RG  = 

G.6563E 

01 

FG  { 

64)  =  0.2578E-00 

RO  = 

0.6578E 

01 

FO( 

65)=  0 • 2577E-00 

R0  = 

0.6593E 

01 

FO  ( 

66)=  0.2576E-00 

R0  = 

0.6609E 

01 

330 


GA/PHYS/t>3-5,6 


OPTIMUM  VENUS  H-TRAJECTORY 
POSSIBLE  ORBITAL  IMPULSES 


FC  C 

2 )  = 

0.2627E-00 

R0  = 

FG  ( 

3 )  = 

0.2628E-00 

RO  = 

FC  ( 

4 )  = 

0 . 2629E-00 

R0  = 

FG  ( 

5 )  = 

0.26298-00 

RD  = 

FO  I 

61  = 

0.2630E-00 

RC)  = 

FIJI 

7 )  = 

0 . 2630C-00 

R0  = 

FO  C 

8)  = 

0 . 2630E-00 

R0  = 

FOI 

9 )  = 

0.263  IE-00 

RO  = 

FU( 

10)  = 

0. 2631E-00 

R0  = 

FOI 

11)  = 

0.26318-00 

R0  = 

FOI 

12)  = 

0.2632b- GO 

RO  = 

FUI 

13)  = 

0.26  32E-00 

R0  = 

FC  I 

14)  = 

0.2632E-00 

RO  = 

FOI 

15)  = 

0.263  3E-00 

RO  = 

FOI 

16)  = 

0 . 26  33E-00 

RO  = 

FOI 

17)  = 

0.2633t-00 

RQ  = 

FOI 

lb)  = 

0.2634E-CO 

R0  = 

FOI 

19)  = 

0 .2634E-C0 

RO  = 

FOI 

20)  = 

0  •  26  348-00 

RU  = 

FOI 

21)  = 

0 . 26  35c-00 

R0  = 

FOI 

22)  = 

0. 26358-00 

R0  = 

FOI 

23)  = 

0 .2635t-00 

RD  = 

FOI 

24)  = 

0.2636E-00 

R0  = 

FOI 

25)  = 

0.2636E-00 

RU  = 

FOI 

26)  = 

0.2637E-00 

R0  = 

FOI 

27)  = 

0.2637E-00 

R0  = 

FOI 

28)  = 

0 . 26378-00 

R0  = 

FOI 

29)  = 

0  •  20  38E-00 

KD  = 

FOI 

30  )  = 

0 . 26388-00 

RO  = 

FOI 

31)  = 

0.2639E-00 

R0  = 

FOI 

32)  = 

0 . 26 39E-00 

RU  = 

FOI 

33)  = 

0.263 9 E-00 

RD  = 

FOI 

34)  = 

0 . 264GE-00 

R0  = 

FIJI 

35)  = 

0.2640E-00 

RO* 

FOI 

36)  = 

0.2641E-00 

R0  = 

FOI 

37)  = 

0.26418-00 

RU  = 

FOI 

38)  = 

0.2642E-00 

RO  = 

FUI 

39)  = 

0 .26428-00 

RO  = 

FOI 

40)  = 

0.26438-00 

R0  = 

FUI 

41  )  = 

0 . 26  43t-C0 

R0  = 

FUI 

42)  = 

0.26448-00 

R0  = 

FUI 

43)  = 

0.26458-00 

R0  = 

FUI 

44)  = 

0.26458-00 

R0  = 

FOI 

45  )  = 

0.26468-00 

RO  = 

FOI 

46)  = 

0 • 2646E-00 

R0  = 

FOI 

47)  = 

0.26478-00 

R0  = 

FOI 

48)  = 

0.26488-00 

R0  = 

FOI 

49  )  = 

0.26498-00 

R0  = 

FOR  ORBITAL  RANGE  =  1.1  TO  6.1 
IDV/VCSI--  INNER  ERRORS 

0.6101b  01 
0.6081b  01 
0.6072E  01 
0.6065E  01 
0.6059b  01 
0.6053L  01 
0.6048E  01 
0.60438  01 
0.6038E  01 
0.6033E  01 
0.6029b  01 
0.60248  01 
0.6020E  01 
0.6015E  01 
0.6011E  01 
0.6006b  01 
0 .600  IE  01 
0.5997E  01 
0.5992E  01 
0.5988b  01 
0 •  5963b  01 
0.5978E  01 
0.5973E  01 
0.5968E  01 
0.5963E  01 
0.5958E  Cl 
0.59530  01 
0.5947E  01 
0.5942E  01 
0.5936b  01 
0.5930E  01 
0.5925E  01 
0.5918E  01 
0.5912b  01 
C.5906E  01 
0.5900E  01 
0.5S93C-  01 
0.5836E  01 
0.5879E  01 
0.5872E  01 
0.5864E  01 
0.5857E  01 
0.5849L  01 
0.5841b  01 
0.5833E  01 
0.5824E  01 
0.5815E  01 
0.5806b  01 
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FU( 

50  = 

FG  ( 

51)  = 

FG  ( 

52)  = 

F0( 

53)  = 

FOt 

54)  = 

FG( 

55)  = 

FO  ( 

56)  = 

FG( 

57)  = 

FU( 

58)  = 

FG{ 

59)  = 

FOt 

60  )  = 

FOt 

6l)  = 

FC( 

62)  = 

FOt 

63)  = 

FOt 

64)  = 

FOt 

65)  = 

FOt 

66)  = 

FOt 

67)  = 

FOt 

68)  = 

FOt 

69)  = 

FOt 

70)  = 

FOt 

71)  = 

FOt 

72)  = 

FOt 

73)  = 

FOt 

74)  = 

FCt 

75)  = 

FOt 

76)  = 

FOt 

77  )  = 

FOt 

78)  = 

FOt 

79)  = 

FUt 

80)  = 

FOt 

81)  = 

FOt 

82)  = 

FOt 

83)  = 

FOt 

84)  = 

FOt 

85)  = 

FOt 

86)  = 

FOt 

87)  = 

FOt 

88  )  = 

FOt 

89)  = 

FOt 

90  = 

FOt 

91)  = 

FOt 

92)  = 

FOt 

93)  = 

FCt 

94)  = 

FOt 

95)  = 

FOt 

96)  = 

FOt 

97)  = 

FOt 

98)  = 

FOt 

99)  = 

FOt 100)= 

0.26496-00 
0.2650C-00 
0 . 265 16-00 
0.26526-00 
0.2652E-00 
0.26536-00 
0  •  26541:-  00 
0.2655E-00 
0.2656E-00 
0.26576-00 
0.26506-00 
0.26596-00 
0.26606-00 
0.2662E-00 
0.2663E-00 
0.26646-00 
0.26656-00 
0.2667E-00 
0.26686-00 
0.26  70E-00 
0.267  IE-00 
0.2673E-00 
0. 2674E-00 
0.2676E-00 
0.26786-00 
0.2680E-00 
0.2682E-00 
0 . 2684E-00 
0.2686t-00 
0.2688E-00 
0 . 2690E-00 
0.2693E-00 
0.26956-00 
0 . 2698E-00 
0.2700t-00 
0 . 270  3E-00 
0.2  706E-00 
0 . 2709E-00 
0.27136-00 
0.2  7 16E-C0 
0.2720E-00 
0.2  723E-00 
0.2727E-00 
0 . 273  IE-00 
0.2736E-00 
0 . 2740E-00 
0.27456-00 
0.2750E-C0 
0.2755E-00 
0 . 276 1E-C0 
0 • 27666-00 


RD  =  0.5797c  01 
RO=  0.5787E  01 
RO  =  0.5778E  01 
KG  =  0.57676  01 
RO  =  0.5757E  01 
RO*  0.5746E  01 
RO  =  0.5735E  01 
RO*  0.5723E  01 
RO*  0.5711E  01 
RO*  0 . 56996  01 
RO*  0.56866  01 
RO*  0.5673E  01 
RO*  0.5660E  01 
RO*  0.5646E  01 
KG*  0.5632E  01 
RO*  0.5617E  01 
RO*  0.5601E  01 
RO*  0.5586E  01 
RO*  0.5569E  01 
RO*  0.5552E  01 
RO*  0.5535E  01 
RO*  0.5517E  01 
RO*  0 • 5498t  01 
RO*  0.5479E  01 
RO*  0.5459E  01 
RO*  0.5439E  01 
RO*  0.541 7fc  01 
RO*  0.5395E  01 
RO*  0.5373E  01 
RO*  0.5349E  01 
RO*  0.5325E  01 
RO*  0.53006  01 
RO*  0.5275E  01 
RO*  C. 52486  01 
KO=  0.5220E  01 
RO*  0.51926  01 
RO*  0.51636  01 
RO*  0.5132E  01 
RO*  0.51016  01 
RO*  G.5068E  01 
RO*  0.5035E  01 
RO*  0.5000E  01 
RU=  0.49656  01 
RO*  0.4928E  01 
RO*  0.48906  01 
RO*  0.48516  01 
RO*  0.48106  01 
RO*  0.47686  01 
RO*  0.4725E  01 
RO*  0.46806  01 
RO*  0.46346  01 


1.1  TO  6.1 


j 


C 


» 


33* 


GA'Phy  »/  63—5 . 6 


Venus  B- Trajectory 
Orbital  Itange 
1.1  to  l6.1 
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GA/PHYS/63-5,6 

OPTIMUM  VENUS  H-TRAJEC TORY  FOR  ORBITAL  RANGE  =  1.1  TO  16 . 1 


CORRECT ION  RADII  —  OUTER  ERRORS 


R 

FIR 

VR 

H 

2 

0.16106 

02 

0 . 157  IE 

01 

0.5063E  00 

0.81516 

01 

3 

0.165GE 

02 

0.13796 

01 

0.5033E  00 

0.8175E 

01 

4 

G.1691E 

02 

0. 1300E 

01 

0.5004E  00 

0.81856 

01 

5 

0.17336 

02 

0. 1239E 

01 

0.497  5E-00 

0.8193c 

01 

6 

0.17766 

02 

0.1 189c 

01 

0.4947E-00 

0.82006 

01 

7 

0.1820E 

02 

0.11456 

01 

0.49196-00 

0.8206C 

01 

8 

0. 1865E 

02 

0. 1105E 

01 

0.48926-00 

0.8212b 

01 

9 

0. 1911E 

02 

0. 1069E 

01 

0.4865E-00 

0.82186 

01 

10 

0.1959E 

02 

0.1035b 

01 

0.48396-00 

0.8223c 

01 

11 

0.2006E 

02 

0.10046 

01 

0.48146-00 

0.82296 

01 

12 

0.2057E 

02 

0 . 9746t 

00 

0.47886-00 

0.82346 

01 

13 

0.210bE 

02 

0.9469E 

00 

0.47646-00 

0.82396 

01 

14 

0.2161E 

02 

0.92066 

00 

0.47406-00 

0.82446 

01 

15 

0.2214E 

02 

0.8956E 

00 

0.47166-00 

0. 8249C 

01 

16 

0.2269E 

02 

0.87186 

00 

0.4693E-00 

0.82546 

01 

17 

0.2326E 

02 

0.8489E 

00 

0.4670E-00 

0.82596 

01 

18 

0 .2383E 

02 

0.8270E 

00 

0.4647E-00 

0.82636 

01 

19 

0.2443E 

02 

0.8060E 

00 

0.4626E-00 

0.8268c 

01 

20 

0.2503E 

02 

0.78576 

00 

0.46046-00 

0.82736 

01 

21 

0.2565E 

02 

0.7661E 

00 

0.4S83E-00 

0.8278E 

01 

22 

0.2629 E 

02 

0. 7472E 

00 

0.45626-00 

0.82836 

01 

23 

0.2694E 

02 

0.7290E 

00 

0.45426-00 

0.8288c 

01 

24 

0 . 276  IE 

02 

0.71136 

00 

0.45226-00 

0.82936 

01 

25 

0.2830E 

02 

0.69426 

00 

C.4503E-00 

0.62986 

01 

26 

0.29C0E 

02 

0.67766 

00 

0.4484E-00 

0.83036 

01 

27 

0.2972E 

02 

0.6615E 

00 

0.4465C-00 

0. 830dE 

01 

28 

0.3046E 

02 

0.64596 

00 

0.44476-00 

0.8313c 

01 

29 

0.3121E 

02 

0.6307E 

00 

0.4429E-00 

0.83186 

01 

30 

0.3199E 

02 

0.61596 

00 

0.441 IE-00 

0.83246 

01 

31 

0.3278E 

02 

0.6015E 

00 

0.4394E-00 

0.83296 

01 

32 

0.3360E 

02 

0.58756 

00 

0.43776-00 

0.8334c 

01 

33 

0.3443E 

02 

0.5739E 

00 

0.43616-00 

0.83406 

01 

34 

0.3529E 

02 

0.5607E 

00 

0.43456-00 

0.83466 

01 

35 

0.3616C 

02 

0.5478E 

00 

0.43296-00 

0.8351E 

01 

36 

0.3706E 

02 

0.53526 

00 

0.43136-00 

0.83576 

01 

37 

0.3798E 

02 

0.52296 

00 

0.4298E-00 

0.83636 

01 

38 

0.3892E 

02 

0.5109E 

00 

0.42836-00 

0.8369C 

01 

39 

0.3989E 

02 

0.49926- 

00 

0.4269E-00 

0.8375E 

01 

40 

0.4088E 

02 

0.4879c- 

00 

0.4254E-00 

0.83816 

01 

41 

0.4189E 

02 

0.4767E- 

00 

0. 4240E-00 

0.83886 

01 

42 

0.4293E 

02 

0.4659E- 

00 

0.42276-00 

0.8394E 

01 

43 

0.4400E 

02 

0.4553E- 

00 

0.4? 13E-00 

0.84016 

01 

44 

0.4509E 

02 

0.44506- 

00 

G.420QE-00 

0.84076 

01 

45 

0.4621E 

02 

0.43486- 

00 

0.41886-00 

0.84146 

01 

46 

0.4736E 

02 

0.4250E- 

00 

0.4175E-00 

0.84216 

01 

47 

0  .4853E 

02 

0.4153E- 

00 

0.4163E-00 

0.84286 

01 

48 

0.4974E 

02 

0.4059E- 

00 

0.4151E-00 

0.84356 

01 

49 

0.5097E 

02 

0.3967E- 

00 

0.41396-00 

0.8443E 

01 

GA/PnYS/63-5,6 

OPTIMUM  VENUS  H-TRAJECTORY  FOR  ORBITAL  RANGE  *  1.1  TO  l6.1 


R 

FIR 

VR 

H 

50 

0 .52241; 

02 

0.3877E-00 

0.4128E- 00 

0.84506 

01 

51 

0.53538 

02 

0.37896-00 

0.41166-00 

0.84586 

01 

52 

0.54868 

02 

0 . 3704E-00 

0.4105E-00 

0.8466E 

01 

53 

0 .56228 

02 

0.36206-00 

0.40946-00 

0.84746 

01 

54 

0.57628 

02 

0.35386-00 

0.40846-00 

0.84826 

01 

55 

0.59058 

02 

0.34576-00 

0.40746-00 

0.84906 

01 

56 

0.60528 

02 

0. 33796-00 

0.4064E-00 

0.8499E 

01 

57 

0 .62026 

02 

0.3302E-00 

0.40546-00 

0.8508E 

01 

56 

0.63568 

02 

0.322  7E-00 

0.4044E-00 

0.85176 

01 

59 

0.65136 

02 

0.31546-00 

0.40356-00 

0.85266 

01 

60 

U.6675E 

02 

0.30826-00 

0. 402  5E-00 

0.8535E 

01 

61 

0.66416 

02 

0.30126-00 

0.4016E-00 

0.85446 

01 

62 

0. 70116 

02 

0.29446-00 

0.40086-00 

0.85546 

01 

63 

0.71856 

02 

0.28776-00 

0.39996-00 

0.8564E 

01 

64 

0.73636 

02 

0.281  IE-00 

0.39906-00 

0.85746 

01 

65 

0.75466 

02 

0.2  747E-00 

0.39826-00 

0. 85856 

01 

66 

0.77336 

02 

0.26856-00 

0.39746-00 

0.85956 

01 

67 

0.79256 

02 

0.262  3E-00 

0.39666-00 

0. 86066 

01 

68 

0.81226 

02 

0.25636-00 

0.39596-00 

0.86176 

01 

69 

0.83236 

02 

0.25056-00 

0.39516-00 

0.86296 

01 

70 

0.8530E 

02 

0.24486-00 

0.39446-00 

0.86406 

01 

71 

0.87426 

02 

0.23926-00 

0.39366-00 

0.86526 

01 

72 

0.69598 

02 

0.23376-00 

0.3929E-00 

C.B665E 

01 

73 

0.91816 

02 

0. 2283E-00 

0.39236-00 

0.8677E 

01 

74 

0.94096 

02 

0.22316-00 

0.39166-00 

0.86906 

01 

75 

0.96436 

02 

0.21806-00 

0.39096-00 

0.87036 

01 

76 

0.9882E 

02 

0.21306-00 

0. 3903E-00 

0.87166 

01 

77 

0.10136 

03 

0.20816-00 

0.38966-00 

0.87306 

01 

78 

0 . 10  3b  6 

03 

0.2033E-00 

0.38906-00 

0.87446 

01 

79 

0 . 10646 

03 

0.19866-00 

0.38846-00 

0.87586 

01 

80 

0. 1090E 

03 

0.19406-00 

0.38786-00 

0.8773E 

Cl 

81 

0.11176 

03 

0.18966-00 

0.38736-00 

0.87886 

01 

82 

0 . 1 145  E 

•03 

0.18526-00 

0.38676-00 

0.88046 

01 

83 

0 .11736 

03 

0.18096-00 

0.38626-00 

0.88196 

01 

b4 

0.1202E 

03 

0.17676-00 

0.38566-00 

0.88366 

01 

85 

0. 1232E 

03 

0. 17?6b-00 

0.38516-00 

0.88526 

01 

86 

0.12636 

03 

0.16866-00 

0.38466-00 

0.88696 

01 

67 

0.12946 

03 

0.16476-00 

0.38416-00 

0.88866 

01 

88 

0.13266 

03 

0.16096-00 

0.38366-00 

0.89046 

01 

89 

0. 1359E 

03 

0.15726-00 

0.3831E-00 

0.89226 

01 

90 

0.13936 

03 

0.15356-00 

0.3827E-00 

0.89416 

01 

91 

0.14286 

03 

0.15006-00 

0.38226-00 

0.89606 

01 

92 

0. 1463E 

03 

0. 1465E-00 

0.38186-00 

0.89806 

01 

93 

0.14996 

03 

0.14316-00 

0.38136-00 

0.90006 

01 

94 

0.15366 

03 

0.13976-00 

0.38096-00 

0.90206 

01 

95 

0.15756 

03 

0. 13656-00 

0.38056-00 

0.90416 

01 

96 

0.16146 

03 

0.13336-00 

0.38016-00 

0.90636 

01 

97 

0.16546 

03 

0.13026-00 

0 . 3797E- 00 

0.90856 

01 

96 

0..  1695E 

03 

0. 12716-00 

0.37936-00 

0.9107E 

01 

99 

0.17376 

03 

0  •  1242t-00 

0.37896-00 

0.91306 

01 

100 

0.17806 

03 

0. 12136-00 

0.37866-00 

0.91546 

01 

GA/PHYS/63-5,6 

OPTIMUM  VENUS  H-TRAJECTOHY  FOR  ORBITAL  RANGE  «  1.1  TO  16.1 


CORRECT ION  RADII  --  INNER  ERRORS 


R 

FIR 

VR 

H 

2 

0.1229E 

02 

0. 1490E 

01 

0.5471E  00 

0.6694E 

01 

3 

0.1263E 

02 

0.1356b 

01 

0. 543 IE  00 

0.6681b 

01 

4 

0.1296E 

02 

0. 1279E 

01 

0.5392E  00 

0.6672E 

01 

5 

0.1334E 

02 

0.1219b 

01 

0.5353E  00 

0.6666b 

01 

6 

0. 1371  £ 

02 

0.  1168E 

01 

0.5316E  00 

0.6660b 

01 

7 

0.14C9E 

02 

O.U23E 

01 

0.5279E  00 

0.6654b 

01 

8 

G.144BE 

02 

0.1083b 

01 

0.5242b  00 

0.6649E 

01 

9 

0. 148aE 

02 

0. 1046b 

01 

0.5207E  00 

0.6644b 

01 

10 

0.1529E 

02 

0. 1012b 

01 

C.5172E  00 

0.6640E 

01 

11 

0.1571E 

02 

0.9799E 

00 

0.5138E  00 

0.6635E 

01 

12 

0.1615E 

02 

0.9500E 

00 

0.5104E  00 

0.6631C 

01 

13 

0.1659E 

02 

0.9217E 

00 

0.5071b  00 

0.6626E 

01 

14 

0.1705E 

02 

0.8949E 

00 

0.5039E  00 

0.6622b 

01 

15 

0.1752E 

02 

0.8693E 

00 

0. 500 BE  00 

0.6618E 

01 

16 

0 . 180  IE 

02 

0.8449E 

00 

0.4977E-00 

0.6613b 

01 

17 

0.1850E 

02 

0.8216b 

00 

0.4947E-00 

0.66096 

01 

18 

0.1902E 

02 

0.7992E 

00 

0.491 8E-00 

0.66056 

01 

19 

0.1954E 

02 

0.7777E 

00 

0.4889E-00 

0.6600E 

01 

20 

0.2008E 

02 

0.7570E 

00 

0.486  IE-00 

0.6596E 

01 

21 

0.2064E 

02 

0.7370E 

00 

0.4833E— 00 

0.6592b 

01 

22 

0.2121E 

02 

0.7177E 

00 

0. 4806E-00 

0.6587b 

01 

23 

0.2179b 

02 

0.6991E 

00 

0.4779E-00 

0.65836 

01 

24 

0.2240E 

02 

0 . 681  IE 

00 

0.4753E-00 

0.6579E 

01 

25 

0.2302E 

02 

0.6636E 

00 

0.4728E-00 

0.6574b 

01 

26 

0.2365E 

02 

0.6467E 

00 

0.4703E-00 

0.6569E 

01 

27 

0.2431E 

02 

0.6303b 

00 

0.4679E-00 

0.6565b 

01 

28 

0.2498E 

02 

0.6144E 

00 

0.4655E-Q0 

0.6560b 

01 

29 

0.2567E 

02 

0.5989b 

00 

0.46326-00 

0.6555b 

01 

30 

0.2638E 

02 

0.5839E 

00 

0. 461 0b-00 

0.655GC- 

01 

31 

0 • 27 1  IE 

02 

0.5693E 

00 

0.4587E-00 

0.6545C 

01 

32 

0.2786E 

02 

0.5551b 

00 

0.4566C-00 

0.6540E 

01 

33 

0.2863E 

02 

0.5413b 

00 

0.4544E-00 

0.6535E 

01 

34 

0.2942E 

02 

0.5278E 

00 

0. 4524E-G0 

0.6530b 

01 

35 

0.3023E 

02 

0.5148b 

00 

C.4503E-00 

0.6525b 

01 

36 

0.3107E 

02 

0. 5020b 

00 

0.4484E-00 

0.6519b 

01 

37 

0. 3193b 

02 

0.4896b- 

00 

0.4464E-00 

0.6514b 

01 

38 

0.3281E 

02 

0.47756- 

•00 

0.4445E-00 

0.6508b 

01 

39 

0.3372E 

02 

0.4657b- 

00 

0.4427E-00 

0.6503E 

01 

40 

0.3465E 

02 

0.4542E- 

00 

0.4409E-00 

0.6497E 

01 

41 

0.3561E 

02 

0.4430E- 

00 

0.4391E-00 

0.6491 E 

01 

42 

0.3659E 

02 

0.4321E- 

00 

0.4374E-00 

0.6485b 

01 

43 

0.3761E 

02 

0.421 5E- 

00 

0.43576-00 

0.6478E 

01 

44 

0.3865E 

02 

0.411 IE- 

00 

0.4341E-Q0 

0.6472b 

01 

45 

0.397  IE 

02 

0.4010b- 

00 

0.4325E-00 

0.6465E 

01 

46 

C.4081E 

02 

0.391 IE- 

00 

0.4309E-00 

0.64596 

01 

47 

0.4194E 

02 

0.3814E- 

00 

0.4294E-00 

0.6452b 

01 

48 

0.4310E 

02 

0.3720E- 

00 

0.4279E-00 

0.  644 5 C 

01 

49 

0.4429E 

02 

0.3628E- 

00 

0.4264E-00 

0.6438E 

01 
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GA/PHYS/63-5,6 

OPTIMUM  VENUS  H-TRAJECTORY  FOR  ORBITAL  RANGE 


=  1.1  TO  16.1 


R 

FIR 

VR 

H 

50 

0.4552E 

02 

C.3539E-00 

0.4250E-00 

0.64306 

01 

51 

0.46786 

02 

0 . 345  IE-00 

0.4236E-00 

0.6423E 

01 

52 

0.4807E 

02 

0 . 3366E-00 

0.4222E-00 

0.64156 

01 

53 

0 .4940  E 

02 

0 . 3283E-00 

0. 4209E-00 

0.64076 

01 

54 

0.5076E 

02 

0. 3202E-00 

0.4196E-00 

0.63996 

01 

55 

0.5217E 

02 

0.3122E-00 

0. 41836-00 

0.63916 

01 

56 

0.5361E 

02 

0.3045E-00 

0.4171E-00 

0.63836 

01 

57 

G.5509E 

02 

0 . 2969E-00 

0.41 59E-00 

0.63746 

01 

58 

0 . 566  IE 

02 

0. 2895E-00 

0. 4147E-00 

0.6365E 

01 

59 

0.581BE 

02 

0. 2823 t- 00 

0.41366-00 

0.6356E 

01 

60 

G.5979E 

02 

0.27536-00 

0.41246-00 

0.63476 

01 

61 

0.6144E 

02 

0. 2684E-00 

0.4114E-00 

0.63376 

01 

62 

0.6314E 

02 

0 .26176-00 

0.4103E-00 

0.63276 

01 

63 

0.6489E 

02 

0 . 2  55  2E-00 

0.4092E-00 

0.6317E 

01 

64 

0 .6668  E 

02 

0 . 2488E-00 

0.40826-00 

0.6307E 

01 

65 

0.6852E 

02 

0. 2426E-00 

0.4072E-00 

0.62966 

01 

66 

0.7042E 

02 

0. 23656^00 

0. 4063E-00 

0.6285E 

01 

67 

0.72376 

02 

0 . 2306E-00 

0.405  3E-00 

0.6274E 

01 

68 

0  .7  43  76 

02 

0 . 224BE-00 

0.4044E— 00 

0.62636 

01 

69 

0. 7642E 

02 

0.2 19  IE-00 

0.4035E-00 

0.62516 

01 

70 

0.7854E 

02 

0.21366-00 

0.4027E-00 

0.62396 

01 

71 

0.8071E 

02 

0.2082E-00 

0.4018E-00 

0.622 7 C 

01 

72 

0.8294E 

02 

0.20306-00 

0.4010E-00 

0.62146 

01 

73 

0.8523E 

02 

0. 19786-00 

0.4002E-00 

0.6201E 

01 

74 

0.8759E 

02 

0. 1928E-00 

0 . 3994E- 00 

0.61886 

01 

75 

0.9001E 

02 

0.1879C-00 

0. 3986E-00 

0.6174E 

01 

76 

0.9250E 

02 

0. 1832E-00 

0.3978E-00 

0.61606 

01 

77 

0.9506E 

02 

0. 17856-00 

0. 3971E-00 

0.61456 

01 

78 

0.9769E 

02 

0. 1740E-00 

0 . 3964E-00 

0.61316 

01 

79 

0.1004E 

03 

0. 1696E-00 

0. 3957E- 00 

0.6115E 

01 

80 

0. 1032E 

03 

0. 1652E-00 

0.3950E-00 

0.6100C 

01 

81 

0.1060E 

03 

0. 1610E-00 

0. 3944E-00 

0.60846 

01 

82 

0.1089E 

03 

0. 1569E-00 

0. 3937E-00 

0.60676 

01 

03 

0.11206 

03 

0.15296-00 

0.393  IE-00 

0.6050E 

01 

84 

0.1151E 

03 

0.14906-00 

0. 3925E-00 

0.6033E 

01 

85 

G.1182E 

03 

0.14526-00 

0.39 19E-00 

0.60156 

01 

86 

0.1215E 

03 

0.14156-00 

0.3913E-00 

0.59976 

01 

87 

0.1249E 

03 

0.1378E-00 

0.3907E-00 

0.59786 

01 

88 

0.1283E 

03 

0.13436-00 

0. 3902E-00 

0.5958E 

01 

89 

0. 1319E 

03 

0 . 13086-00 

0 . 3897E-00 

0.59396 

01 

90 

0 . 1355fc 

03 

0. 1275E-00 

0.3891E-00 

0.59186 

01 

91 

0.1393E 

03 

0. 1242E-00 

0. 3886E-00 

0.58976 

01 

92 

0. 1431E 

03 

0. 1210E-00 

0.388  IE-00 

0.5876E 

01 

93 

0 . 1471 E 

03 

0. 1179E-00 

0.38766-00 

0.58536 

01 

94 

0.1511E 

03 

0.1 148E-00 

0.3872E-00 

0.58316 

01 

95 

0.1553E 

03 

0. 1118E-00 

0.3867E-00 

0.58076 

01 

96 

0.1596E 

03 

0. 1090E-00 

0. 3863E-00 

0.57836 

01 

97 

0. 1640E 

03 

0. 1061E-00 

0.3858E-00 

0.57596 

01 

98 

0.1686E 

0  3 

0 . 1034E-00 

0. 3854E-00 

0.5734E 

01 

99 

0.1732E 

0  3 

0. 1007E-00 

0. 3850E-00 

0.57086 

01 

100 

0.1780E 

03 

0.9808E-01 

0 . 3846E-00 

0.5681E 

01 
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OPTIMUM  VENUS  H -TRAJECTORY  FOR  ORBITAL  RANGE  a  1.1  TO  l6.1 
POSSIBLE  ORBITAL  IMPULSES  (DV/VCS)--  OUTCR  ERRORS 


FU( 

2  )  =  0 . 2570E-00 

R0  = 

0.1610E 

02 

FU( 

3 )  =  0.2570E-00 

R0  = 

0. 1616E 

02 

FO  ( 

4)  =  0.2570E-00 

R0  = 

0. 1619E 

02 

FO  ( 

5)  =  0.2571E-00 

R0  = 

0.1621E 

02 

FO{ 

6 )  =  0.2571E-00 

RO  = 

0.1623E 

02 

FO  ( 

7  )  =  0.257  IE-00 

R0  = 

0.1625E 

02 

FO  ( 

8 )  =  0.2571E-00 

R0  = 

0. 1626C 

02 

FO  ( 

9  )  =  0 . 25  7  IE-00 

R0  = 

0.162UE 

02 

FO( 

10)=  0.257  IE-00 

R0  = 

0.1629E 

02 

FC  ( 

11)=  0.2571E-00 

R0  = 

0. 1630E 

02 

FO  ( 

12)=  0.257  IE-00 

R0  = 

0.1632E 

02 

FO  ( 

13)=  0 . 2  3  7  IE-00 

RO  = 

0.1633c 

02 

FO  ( 

14)=  0.2571E-00 

RO  = 

0. L634E 

02 

FO  ( 

15)=  0.2571E-00 

R0  = 

0. 1636E 

02 

FO  ( 

16)=  0 . 23  7 1C-00 

RO  = 

0. 1637E 

02 

FO  ( 

17)=  0.2571E-00 

R0  = 

0.1638E 

02 

FC  ( 

18)=  0.2571E-00 

R0  = 

0.1639E 

02 

FO  ( 

19)=  0.2571E-00 

R0= 

0. 1641E 

02 

FO  ( 

20)=  0 . 257  IE-00 

R0  = 

0.1642E 

02 

FO( 

21)=  0.2571E-00 

R0  = 

0.1643E 

02 

FO  ( 

22)=  0 . 257  IE-00 

R0  = 

0.1644E 

02 

FG( 

23)=  0.25  /  IE-00 

R0  = 

0.1646E 

02 

FO  ( 

24)=  0.2571E-00 

RO  = 

0.1647E 

02 

FC  ( 

25)=  0 . 257  IE-00 

R0= 

0.1648E 

02 

FO( 

26)=  0.2571E-00 

R0  = 

0.1650E 

02 

FC  ( 

27)=  0.257 lfc-00 

R0  = 

0.1651E 

02 

FO  { 

28)=  0 . 23  7  IE-00 

R0  = 

0.1652E 

02 

FU( 

29)=  0 .  257  IE-00 

R0  = 

0.1654E 

02 

FO( 

30)=  0.2571E-00 

R0  = 

0. 1655E 

02 

FO  ( 

31)=  0.2571E-00 

R0  = 

0.1657E 

02 

FO  ( 

32)=  0 . 257  IE-00 

R0  = 

0.1658E 

02 

FO  ( 

33)=  0.2571E-00 

R0  = 

0.1659E 

02 

FQ( 

34)=  0 .257  IE-00 

R0  = 

0.1661E 

02 

FO  ( 

35)=  0 .257  IE-00 

RO  = 

0. 1662E 

02 

FO  ( 

36)=  0.257  IE-00 

R0  = 

0.1664E 

02 

FO  ( 

37)=  Q.2571E-00 

R0  = 

0.1665E 

02 

FO( 

38)=  0.2571E-00 

R0  = 

0.1667E 

02 

FO  ( 

39)=  0.257  IE-00 

R0  = 

0.1669E 

02 

FO  ( 

40)=  0.257  IE-00 

R0  = 

0.1670E 

02 

FO  ( 

41)=  0.2571E-00 

R0  = 

0.1672E 

02 

FO( 

42)=  0.2371E-00 

R0  = 

0.1674E 

02 

FO  ( 

43)=  0.2571E-00 

RO  = 

0.1675E 

02 

FO  ( 

44)=  0.257 lt-00 

R0  = 

0.1677E 

02 

FO  ( 

45)=  0 . 257  IE-00 

R0  = 

0.1679E 

02 

FO< 

46)=  0 .257 IE-00 

RO* 

0.1681E 

02 

FCI 

47)=  0.2572E-00 

RO* 

0.1682E 

02 

FO( 

48)=  0.2572E-00 

RO* 

0.1684E 

02 

FO( 

49)=  0.2572E-00 

RO* 

0.1686E 

02 

i 


\ 


i 
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FG( 
FC  ( 
F(J  ( 
FG  ( 

(  FO{ 

1  FG  ( 

FG< 
FC  ( 
FO( 

V  FG  ( 

FG  l 
FG  ( 
F  G  ( 
FO  ( 
FG  ( 
FG  ( 
FG  ( 
FG( 
FU  ( 
FG  ( 
FG  ( 
FG( 
FG  ( 
FC  ( 
FG  ( 
FG  ( 
FO  ( 


50) =  0.2572E-00 

51) =  G.2572E-00 

52) =  0. 2572E-00 

53) =  Q.2572E-00 

54) =  0.2572E-00 

55) =  0 . 2572fc-C0 

56) =  0.2572E-00 
57  )=  0.25  72E-CO 

58) =  0.2572E-00 

59) =  0.2572E-00 

60) =  0.2572E-G0 

61) =  0 . 2572E-00 

62) =  0.2572E-00 

63) =  0 . 2572E-00 

64) =  0.25  72E-00 

65) =  0 . 2572E-00 

66) =  0.257  2t-00 

67) =  0 . 2573E-00 
6b)=  G.2573E-00 
69)=  0. 2573E-00 
70  )  =  .0 . 2.5  7  3E-00 

71) =  0 . 25  73t-00 

72) =  0.257  3E-00 

73) =  0. 2573E-00 
741=  0.2573E-C0 

75) =  0.2573E-00 

76) =  0. 2573b -00 


RO  = 

0 

.  1  668E 

02 

R0  = 

0 

. 1 690E 

02 

R0  = 

0 

.  1  692E 

02 

R0  = 

0 

.  1  694E 

02 

R0  = 

0 

.  1697E 

C2 

R0  = 

0 

.  1699E 

02 

RO  = 

0 

.170  IE 

02 

RO  = 

0 

. 1 703E 

02 

R0  = 

0 

.  1706E 

02 

R0  = 

0 

.  1708E 

02 

R0  = 

0 

.  1 7 lOt 

02 

RO  = 

0 

.  1 7 1 3E 

02 

R0  = 

0 

.  1 7 1 5E 

02 

RO  = 

0 

.  1718E 

02 

RO  = 

0 

.  1  72 1 E 

02 

R0  = 

0 

.  172  3E 

02 

RO  = 

0 

.  1726E 

02 

RO  = 

0 

.1729E 

02 

R0  = 

0 

.  1732E 

02 

R0  = 

0 

.  1735E 

02 

RO  = 

0 

.  1 7  38E 

02 

R0  = 

0 

•  1 741E 

02 

R0  = 

0 

.  1 744E 

02 

R0  = 

0 

.  1  748E 

02 

RO  = 

0 

.  1 751E 

02 

RO  = 

0 

.  1754E 

02 

R0  = 

0 

•  1758E 

02 

1 
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PCI 

2 )  = 

G.2620E-00 

RO* 

0.1221E 

F0( 

3  )  = 

0.2620E-00 

R0  = 

0.1218E 

FG< 

A )  * 

0 . 262  OF- 00 

RD  = 

0.1216E 

FO  ( 

5  )  = 

0.2620t-00 

RO  = 

0.1214E 

PCI 

6 )  = 

0.2620E-00 

RO* 

0.12136 

F0( 

7 )  = 

0.2620E-00 

RO  = 

0.12116 

FOI 

81* 

0.2620C— 00 

R0  = 

0. 1210C 

FOI 

9)  = 

0.2620E-00 

R0  = 

0.1209E 

FO  ( 

10)  = 

0.2620E-00 

R0  = 

0.1208C 

FOI 

m  = 

0.2620E-00 

R0  = 

0.12076 

FOI 

12)  = 

0.26200-00 

RO  = 

0.12056 

FOI 

13)  = 

0.26216-00 

RO  = 

0.12046 

FOI 

1 A  )  = 

0. 262it-00 

RO  = 

0.12036 

FOI 

15)  = 

0.26216-00 

R0  = 

0.12026 

FOI 

16)  = 

0,262 lh-00 

R0  = 

0.12016 

FOI 

17)  = 

0. 26216-00 

K0  = 

0.12006 

FU( 

16)  = 

0 . 26216-00 

R0  = 

0.11996 

FOI 

191  = 

0 . 2&2  16-00 

R0  = 

0.11986 

FOI 

20  )  = 

0.2621E-C0 

R0  = 

0.11976 

FOI 

21  )  = 

0.262 16-00 

R0  = 

0.1196E 

FOI 

22)  = 

0 . 262 1 £-00 

Rt)  = 

0.11956 

FOI 

23)  = 

0 . 26  2 1C-00 

R0  = 

0.1193E 

FOI 

2A)  = 

0.2621E-00 

RO  * 

0.1192E 

FOI 

25)  = 

0. 26210-00 

R0  = 

0.11916 

FOI 

26)  = 

0 . 262  IE-00 

R0  = 

0.1190E 

FOI 

27)  = 

0 . 262  IE-00 

HI)  = 

0.11896 

FOI 

28)  = 

0. 26226-00 

R0  = 

0.1188E 

FOI 

29)  = 

0.2622E-00 

R0  = 

0.11876 

FOI 

30)  = 

0 . 2622E-00 

R0  = 

0.11856 

FOI 

31)  = 

0.2622E-00 

RO  = 

0.1184E 

FCl 

32)  = 

0.2622E-00 

K0= 

0.11836 

FOI 

33)  = 

0.26226-00 

R0  = 

0.11B2E 

FOI 

34  )  = 

0.2622E-00 

R0  = 

0. 1180E 

FOI 

3b)  = 

0 . 2622E-00 

i<0  = 

0.11796 

FOI 

36)  = 

0 . 2622E-00 

R0  = 

0.11786 

FOI 

37)  = 

0 . 2622E-00 

R0  = 

0.11766 

FOI 

38  )  = 

0 . 2622E-00 

R0  = 

0.11756 

FOI 

39)  = 

0.26226-00 

RO  = 

0.1173E 

FOI 

AO )  = 

0.26236-00 

R0  = 

0.1172E 

FCI 

41 )  = 

0.26236-00 

K0  = 

0.11706 

FOI 

42)  = 

0 . 2623E-00 

RO* 

0.11696 

FOI 

43)  = 

0 . 2623E-00 

Rf)  = 

0.11676 

FOI 

44)  = 

0.2623E-00 

R0= 

0.11666 

FOI 

45)  = 

0.26236-00 

R0  = 

0.11646 

FOI 

46)  = 

0  •  2623E-00 

R0  = 

0.1162E 

FOI 

47)  = 

0 . 2623E-00 

RO* 

0.1161E 

FOI 

48)  = 

0.2623E-00 

R0  = 

0.11596 

FOI 

49)  = 

0 . 2624E-00 

R0  = 

0.1157E 

*0 
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GA/PHYS/63-5,b 

OPTIMUM  VENUS  H-TRAJECTORY  FOR  ORBITAL  RANGE  =1.1  TO  16.1 


FC  ( 

50)  = 

0.2624E-00 

R0  = 

0.1155E 

02 

F(J  ( 

51)  = 

0.26246-00 

R0  = 

0.1154E 

02 

FG  ( 

52)  = 

0.2624000 

K(J  = 

0.11526 

02 

FG  ( 

53)  = 

0.26246-00 

R0  = 

0.1150E 

02 

FG  ( 

54 )  = 

0.2624E-00 

RO* 

0.11486 

02 

FC( 

55)  = 

0  •  2624000 

R0  = 

0.11466 

02 

FG  ( 

56 )  = 

0.2625  OOO 

R0  = 

0.U43E 

02 

FG  ( 

5  7  )  = 

0  •  2b2  5000 

RO  = 

0.1141E 

02 

FO  ( 

58)  = 

0. 2625E-00 

RD  = 

0.11396 

02 

FG  C 

59)  = 

0 . 262  5  000 

R0  = 

0.1137E 

02 

FO( 

60)  = 

0.26256-00 

RO  = 

0.11356 

02 

FU  ( 

61  )  = 

0 . 2625E-00 

RU  = 

0.11326 

02 

FG( 

62)  = 

0.26266-00 

R0  = 

0.11306 

02 

FO  ( 

63)  = 

G. 26268-00 

RO  = 

0.11276 

02 

FG( 

64)  = 

0 . 2626E-00 

RG  = 

0.11256 

02 

FO  ( 

65  )  = 

0. 2626E-00 

R0  = 

0.1122E 

02 

FG( 

66)  = 

0.26276-00 

R0  = 

0.11196 

02 

FG  ( 

67)  = 

0.26278-00 

RO  = 

0.11176 

02 

FG  ( 

66)  = 

0 . 2627000 

RO  = 

0.1114E 

02 

FG  ( 

691  = 

0 . 2627C-00 

R0  = 

O.llllE 

02 

FG( 

70)  = 

0 .26286-00 

R0  = 

0.11086 

02 

FG  ( 

71)  = 

0.26286-00 

RO  = 

0.1105E 

02 

FO  ( 

72)  = 

0  •  2628000 

R0  = 

0.11026 

02 

FO  ( 

73)  = 

0  •  2628E-00 

R0  = 

0 • 1 0986 

02 

FG( 

74)  = 

0.26296-00 

R0  = 

0.10956 

02 

FO  ( 

75)  = 

0  •  2629E-00 

R0  = 

0.10926 

02 

FU  ( 

76)  = 

0 . 2629E-00 

R0  = 

0.10886 

02 

FG( 

77)  = 

0.2630E-00 

R0  = 

0.1085E 

02 

FO( 

78 )  = 

0 .26306-00 

RO  = 

0.10816 

02 

FO  ( 

791  = 

0 . 2631E-00 

R0  = 

0.10776 

02 

FO  ( 

80)  = 

0 . 2631 E-00 

R0  = 

0  •  I073t 

02 

FO  ( 

81)  = 

0  •  263  IE-00 

RO  = 

0.1069E 

02 

FC( 

82)  = 

0.26326-00 

R0  = 

0.10656 

02 

FO  ( 

83)  = 

0.26326-00 

R0  = 

0.10616 

02 

FU  ( 

84)  = 

0.26336-00 

R0  = 

0.10576 

02 

FO( 

85)  = 

0 . 2633E-00 

R0  = 

0.10526 

02 

FG( 

86  )  = 

0 . 2634t-00 

R0= 

0. 10486 

02 

FO  ( 

87)  = 

0.26  34E-00 

RC  = 

0.10436 

02 

FO  ( 

86)  = 

0 . 26356-00 

R0  = 

0.10386 

02 

FC  ( 

89)  = 

0 . 2636E-00 

R0  = 

0. 1033E 

02 

FC( 

90)  = 

0.2636 E-00 

R0  = 

0.1028E 

02 

FO  ( 

91)  = 

0.263 7 E-00 

R0= 

0.10236 

02 

FO  ( 

92)  = 

0.2638E-00 

R0  = 

0.10186 

02 

FO( 

93)  = 

0 . 2638E-00 

R0  = 

0.10136 

02 

FO  ( 

$4)  = 

0 . 2639E-00 

R0  = 

0. 1 007E 

02 

FO  ( 

95)  = 

0 . 2640E-00 

R0  = 

0. 10016 

02 

FO  ( 

96)  = 

0.26416-00 

R0  = 

0.99546 

01 

FU( 

97)  = 

0. 26426-00 

R0  = 

0.98946 

01 

FO  ( 

98)  = 

0.26426-00 

R0  = 

0.9832E 

01 

FU  ( 

99)  = 

0.26436-00 

R0  = 

0.97686 

01 

FU( 100)= 

0.26446-00 

RU  = 

0.97036 

01 

*1 
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3FUNK  LINEAR  PERTURBATION  THEORY — FCR  THEOR.  OPT.  REF.  TRAJ. 

2COC  REAC  INPLT  TAPE  2 , 2C0 1 , R I N , V  IN , t 
2001  FCRRAI(2(E10.0), 13) 

3000  WRITE  OUTPUT  TAPE  3 , 300 1 , R IN , V  IN 

3001  FCRMATI 1CX, 47HLINEAR  PERTURBATION  THEORY — THECR .OPT . REF . TRAJ. // 

30011  10X,4HRIN=,Eli.4f 3X , 4H V  IN  =  , E 1 1 • 4 / / 

30012  19X.4FR/RS,  7X ( 1 IH THE T  A  V  t C ) , 5X , 1 1HTHETA  R  (0)  ) 

1  RTC  =  57. 25578 

2  RCC  T2  =  l. 414214 

3  VINSC=V1N»«2 

4  RO2.0/VINSC 

5  X=  I-  1 

6  EX=1.G/X 

7  RM= ( R IN/RC ) «  «EX 

8  R  =  RC 

81  FACT*(2.C«VIN  -  ROOT  2 )  /  ( V IN  +  ROCT  2 ) 

82  ZA=VINSC-2.C/RIN 

5  CC  20  J=  1 , 1 

C  MAX. YEL. PERT 
901  Y«SC  =  ZA+2.C/R 

9C2  VR  =  SCR IF (VHSC  ) 

10  CSCSC=Ro«2«VRSC*ZA/8.0 

11  CCTSC=CSCSC-l.O 

12  CCT=SCRTF(CCTSC> 

13  V  SCR A  T  =  VRSC/ZA 

14  CIV1=YSCRAT«FACT  ♦  1.0 

15  CV=ATANF(CCT/CIV1) 

C  MAX. CRB. RAC. PERT 

16  CIV2*1.0-VSCRAT/2.0 

17  CR=ATANf (CCT/CIV2) 

18  CVC=CV»RTC 

19  GRC:sCR*R  TC 

3C02  WRITE  CUIPLT  TAPE3, 3CC3, J  ,R,CVC,CRC 
300  3  FCRMTUCX.  1 3  1 2X  ,  3  1  E  l  i  .4 1  5X  )  ) 

20  «=R*RH 
CALL  EXIT 

ENC ( 1 • 0  « C • C  f  C  v  0  v l#OfCt I9C9C9C9C9C  I 


3^3 
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AFUNK  LINEAR  PERTURBATION  THEORY-- AT  SPHERE  CF  INFLUENCE 

20CC  ft  C  A  0  INPUT  TAPE  2 , 200 1  , I , RI N , V IN , F 1 1 , CF l , G , RS 
2001  FORPAT ( I5.6E1C.0) 

3000  WRITE  UUIPUT  TAPE  3 , 300 1 ,  R  I N ,  V  IN ,  (. ,  RS 

3001  FllRP  AT  (  1  0  X  i  50HL  l  NE-  AR  PERT  URB  AT  I  O’'1  THECRY — AT  SPHERE  OF  INFLUENCE// 

3C0 1 1  1C'X,AHR1N  = , C 1 1 . A,3X,AHVIN=.E1 1 . A , 3 * ,2HG= ,E I  1 . 4 , 3 X , 3HR S= , E 1 1 . A/ / 
30012  19X.5HFI  (0)  ,  7X,  11HTHETA  V  (  0)  »  5X  ,  1  1  UTUE  T  A  n.  (0)  ) 

I  RTD=57. 29578 

1C1  DTR=i0l7453293 

201  VE=29.o 

202  V C$CSl=399.C/6.37 

203  VCS  =  $C'UF  (  vCSESO*G/«S  ) 

20A  V I N- V 1 N*  V t 

205  V1N  =  \MN/VCS 
3  V I M  5  0  =  7  l  N  *  »  2 

A  OF  I  =DF'l  «C‘TR 

5  F 1 1 =F 1  I *DTR 

6  F  X  =  F  1  I 

7  Z  A  =  V  l  N  S  2 « 0  /  R  l  N 
C  PAX.  V  EL. I'- CRT 

R  00  20  J  =  1  ,  I 
eOl  SF1  =  S!NFIFI  ) 

R  H=SF 1 «R IN«V  IN 
10  CoCS0=l.0/SFI«*2 

II  COTSlJ  =  CSCFO—  l.C 

12  COT  =  S(JRTF  ’  CCT  SO ) 

13  EC  =  SORTf  (f'»»2«ZA+t.O) 

1 A  VCSO=/A»( EC+1 .0)/ (EC-1.0) 

15  VC=SORTF( VOSC) 

IF.  VSQKA  T  =V l NSC/ VPSO 

17  0 1 V l 1 V  S  OR  A  T  * ( h- 1 . 0 ) / t l . 0- 1 . 0/ VO )  f  l.L 

17C1  0V  =  ATANF(C0T/CIV1  ) 

C  PAX. ORB. RAD. PERT 
1702  niV?=t .O-VSORAT 
1  7  C  3  0 1<  =  A  T  A  N  F  ( C  D  T  /  0 1  V  2  ) 

16  OVD=U‘/*R  TC 

19  OKD=OR*RTC 

191  FIO  =  F I  » R  T  D 

192  IF(OVD)  193,3002,3002 

193  0V0= 1 60 . O+OVD 

3002  WRITE  OUTPUT  T  APE  3 , 300  3  ,J  ,  F  1 D  ,OVi:,ORC 

3003  FORMAT ( 1LX, I3,2X, 3! El l. 4,5X1 ) 

20  FI=FUOFI 
CALL  FXIT 

LNP ( l , 0,0, 0,0, 0,1,0, 0,1, 0,0, 0,0,0) 


